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HE present Volume is intended to furnish a very general view of 
the leading appearanees of Physical Nature — the economy of the 
heavens and the earth — with incidental notices of tlie progress of 
discovery, and pictorial representations of remarkable phenomena and 
"T ^ interesting localities. Regarding it as one of the happy tendencies 

. • of the age, to be more in favour of intellectual occupations than of 

^ the vulgar animal recreations that were formerly courted, the writer 
has endeavoured to supply a digest of the knowledge obtained re- 
specting the “ wondrous whole,” of which we form a part, which the enterprise of 
the proprietors of the work has profusely illustrated. 

In submitting the accomplishment of this design to the judgment of the public, 
the writer may be allowed to observe, that he was ailed to the task at a very short 
notice; that disadvantageous circumstances, wliich could neither be foreseen nor 
avoided, have much interfered with its execution ; but that he has honestly en- 
davoured, amid professional engagements, and oft-recurring physical debility, to 
carry out the design of the projectors. Some literal errors, almost necessarily 
attendant on a periodic/al issue, have been corrected in this Edition, and an attempt 
has also been made to introduce the recent discoveries in Astronomy, so that it is 
now hoped the work will be found tolerably free from error. 


The Author. 
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DESCHIPTION AND USE OP THE SIDEBEAL MAPS. 


Ihese Maps have been constructed to show the sidereal hemisphere visible on the parallel of Greenwich, 
and being also adapted to the meridian of Greenwich, they are drawn on the plane of that horizon. To 
insure the greatest amount of accuracy, the stereographic projection has been made use of, because of all 
projections that occasions the least possible disarrangement of the relative position of the stars and of the 
angles they form one with another. 

There is a difficulty in reducing a concave surface to a plane without distortion taking place somewhere, 
and in the projection here adopted a little compression will be found, gradually increasing from the horizon 
to the centre of the map. The constellations when at or near the zenith, will be found to be somewhat 
smaller than when at the extremities of the projection or near the horizon. Three, four, or five stars may 
appear in the heavens so as to form a group, and present to the observer the appearance of a triangle, a 
rhomboid, trapezium, or parallelogram, which figures are more correctly preserved by this projection than 
by any other which might have been made use of. 

'I’he difference between celestial and terrestrial maps should not be lost sight of. When a comparative 
observation is made between one of these maps and the heavens at any of the times given on the next page, 
the map should be held up in a vertical position, placing that part of tlie map downwards towards which 
the observer is directing his attention. For instance, if the stars in the south are to be examined, the 
person’s face must be turned that way, with the south or bottom of the map downwards ; if for the north, 
the map must be reversed, with the north or top of the map downwards, when a complete view of the 
heavens in either of those directions will be obtained. If fur the east and west, the sides of the map are to 
be similarly held, corresponding with the aspect required. 

The centre of each map represents the zenith, that part of the heavens which is exactly over the obser- 
ver’s head, and will answer equally well for any other place upon the same parallel of latitude, making 
the allowance of four minutes for each degree, east or west, sooner or later ; which shows that all persons 
living on the same parallel of latitude have in succession the same view of the starry concave. Another 
appearance would be presented if the observer were at either of the poles. Supposing there were inhabitants 
at the North Pole, to them one half of the firmament would never set, and the other half would never rise. 
The polar star would be their zenith, and appear quite stationary, with all the other stars in view revolving 
round it in circles. To such inhabitants the equator would be the horizon, and at whatever elevation a star 
was first seen in their winter, there it would remain, and appear to complete a circle at that elevation once 
in every twenty-four hours. 

If there were inhabitants at the South Pole, they would be similarly situated with regard to stars in the 
southern hemisphere ; they would never see the stars on the north side of the equator or northern hemi- 
sphere, nor would those in the southern hemisphere ever set to them. 

To the inhabitants of the equator, the whole of the stars from pole to pole, rise and set per])endicularly 
to their horizon once in every twenty-four hours. As the equator has no parallel of latitude, so has its 
zenith no declination, because the celestial equator passes immediately over it in a line from cast to west. 
If an observer moves towards either pole from the equator ; for every degree of his progress his zenith will 
have just so many degrees of declination, and as many degrees can he see beyond the pole towards which 
he is advancing, and he will lose sight of the pole from which he is receding in the same proportion. For 
example, as the inhabitants of London are situated 5U° from the equator northwards, their zenith is 
elevated above the celestial equator. As 51 J® is the distance from the zenith to the equator, it follown that 
must be seen by an inhabitant of London below the equator to make up the complement of the 
quadrant, or 90°, Between the zenith and the pole will be found 88 J®, requiring 5H® beyond the pole to 
complete the other quadrant of 90®, thus together completing the hemisphere of 180®. 

With these preliminary explanations a few words will explain the use of the maps. 

Each map may be supposed to represent the heavens at the hours named. The dotted circle crossing 
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HISTORY or ASTRONOMICAL DISCOVERY. 


CHAPTER I. 

ERA OP THE GREEK AND ALEXANDRIAN SCHOOLS. 

i 

Astronomy, now the most perfect of all the sciences, is also the most sublime and an- 
cient. It separates man in thought from the spot upon which his foot is planted ; makes 
him acquainted with forms and spaces, in comparison with which terrestrial magnitude 
and distance shrink into insignificance ; and unfolds the constitution of the universe, as 
a scheme involving the intimate connection of the mighty and remote masses that are 
open to observation, — their incessant activity, unfailing order, and mutual dependence. 
Hie idea of extension — a feature of the sublime — is created by the scenes with which 
we are in immediate contiguity, and enlarged by the knowledge we possess of the 
superficies of the globe ; but it is wonderfully expanded by the science which deals with 
the objects that are exterior to its surface. By measuring the distances and volume, 
hnd weighing the masses, of the planets — by calculating the orbits of the comets, which 
accompli!^ their afhelia in the regions of invisibility, and only discover themselves tp 
us during a scanty portion of their course — by contemplating the stellar firmament, 
which, ,in the case of one of its members, has required the highest modem intelli- 
gence, aided by tbe finest instruments, to detect even the slightest amount of parallax*— • 
^ such investigations as these, we gather* some faint conception, improving to our 
nature, yet humbling to our faculties, of the immensity in which the Creator centres, 
with whom the vast scheme originated, and to whom alone it is reserved to estimate 
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its length and breadth^ its depth and height. Man has learnt to distrust and disbelieve 
the evidence of the most perfect of his senses. He has been taught that the apparently 
quiescent earth is in perpetual movement ; that the real motions of the celestial bodies 
are, in most cases, in direct antagonism to those which he daily perceives ; and that his 
own world, instead of being the “greatest in the kingdom of hi^ven,” having subordinates 
under it in the sun, moon, and stars — the long and fondly cherished dream of antiquity— 
is, in reality, one of the smallest provinces in the great empire of Nature. 

Astronomical inquiry goes back to a remote era, and had its origin in the East. The 
splendour of the celestial phenomena ; the fact of periodical changes and of acconipanying 
powerful effects being produced upon the surface of the earth — such as alterations in the 
temperature of the air, the processes of vegetation, and the habits of animals, — these are 
circumstances too obvious and striking to have escaped attention, or not to have awakened 
curiosity. Accordingly, it is only reasonable to consider their thoughtful observation as 
coeval with the primitive age of man. We may undoubtedly regard the great levels of 
South-western Asia — the country between the Nile and the Euphrates — the cradle of 
mankind — as the birth-place of the science, and the scene of its first culture. Though no 
original memorials have been preserved of the facts noted, nor of the progress made by the 
earliest inhabitants of that region, yet the references made by subsequoAt historians show- 
ing their devotion to the study of tlic heavens, and the reputation assigned to them for 
such pursuits by the unanimous voice of antiquity, long after the downfal of the Chaldean 
monarchy, may be accepted as sufficient proof of an inquisitive eye having been cast from 
that quarter upon the objects and movements of the firmament. The district possesses 
many natural advantages for observation ; a climate not subject to sudden variations, a 
serene sky, an open horizon, and a remarkably transparent atmosphere. Upon a winter 
night in our northern latitude, the spectacle is brilliant that is unfolded over the head 
of the traveller by the unclouded heavens, as he emerges from the smoke of the city into 
the clearer air of tlie country ; but the mild beauty of the moon, the vivid sparkling of the 
stars, and the intense darkness of unoccupied space, present a far more glorious exhibition, 
as seen through the purer medium of an eastern clime ; and nothing more forcibly arrests 
the attention of the European than the magnificent canopy which the eventide unveils 
to him, on first visiting the oi’iental deserts. Besides the striking garniture of the sky, 
the occupations of man in the more primitive times — the warfare of the huntsman by night 
and by day— -the custody of flocks and herds, wandering in solitary places, and requiring 
the shepherd’s vigilance to jirotcct them from the beasts of prey, — together with the 
influence of the revolving seasons, coincident with celestial <^anges, upon the flowers 
of the field, the trees of the forest, and the productions of the vineyard — would com- 
bine to stiratftlate interrogation respecting the vault of heaven, the meaning of its visual 
glories and the laws of their movement. 

From the book of Job — in all probability the sheikh of some pastoral tribe migrating 
at an early period on the plains near the Euphrates — we gather indications of the hea- 
venly bodies having attracted the watchful observance of mankind. Though it may be 
doubtful whether our version rightly renders the asterisms named by Arcturus, Orion, 
and the Pleiades, it is obvious, from the tenour of the passages in which they are intro- 
duced, that principal constellations or single stars are intended. The temple of Belus at 
Babylon, coeval with the foundation of the city, whose ruins are identified with those now 
extant of Birs Nimrood, was devoted to an astronomical use, as well as to that of a 
base and polluting idolatry. Its reported construction would seem to intimate this, being 
of a pyramidal form, with its four faces opposed to the four cardinal points of the horizon : 
upon the summit, according to the Greek historian, the Chaldean priests contemplated 
and exactly noted the risings and settings of the stars. 
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At the time of the capture of the city by Alexander, his tutor, the pliilos(>})h(*r Aris- 
totle, is said by one of his commentators to have received from Callisthenes n eatiiloj^ue of 
eclipses observed there during a previous period of 1 903 years. Though there may l»e con- 
siderable exaggeration here, yet there is, no doubt, substantial truth in the statement, since 
Ptolemy gives six Chaldean eclipses, which seem to have been taken from the catalogue, 
the earliest of which, however, goes no farther back than the year 720 n. c., aiuHwi'ring to 
about the time of the first captivity of the Jews. A comparison of these ancient with 
modern observations led Halley to the discovery of the doctrine of the inotm’s accelera- 
tion — that is, that she now moves round the earth with greater velocity than formerly, 
the cause of which Laplace has satisfactorily explained. Ptolemy distinctly relcrs to 
Chaldea as furnishing the best and most numerous astronomical observations ; and (dco- 
medes, speaking of a peculiar eclipse of the moon, states that “ no astrommier, whether 
Chaldean or Egyptian, has ever recorded one of this kind.” It is rc'iiiarkably illustrative 
of the habit of diligent observation, that the Chaldeans were ac(|uaint(Ml with the cycle of 
6585^ days, during which the moon makes about 223 synodical i*(‘volutions, ami experi- 
ences the same number of eclipses, alike too in order and magnitude, comparing cycle 
with cycle. To them is attributed the invention of the zodiac; and the duodecimal division 


of the day. 

Superstition was the mainspring of that observance of <*(‘l(;stial phenomena which pre- 
vailed at an early period in the regions lamhu-ing on the Enphi-ates. Thv- heavenly bodies 
were the objects of religious veneration. We can easily understand how, as the light t)f 
the primitive revelation respecting the Supreme Ruler fad(;(l from the mind, men fidl into 
the error of regarding the glorious realities of the firmament as tin; governing intidlignuices 
of the world. Their uses in the economy of the universe; th(‘ir resi>lendeiue and ineom- 
prehensible character, to the untutored observer; their elevation and far removal from 
man; their regular disappearance and return; their stability and undiminisbed luslrt; ;— 
these are circumstances upon which popular ignorance would be likely to fasten, convert 
into intimations of intelligent existence, and establish thereby the worship ol the stellar 
orbs. Such, in subsequent ages, has been the eifijct of the impressive appeiil, made by the 
great lights of heaven to the physical eye, in the absence of information. Even in our day 
many a .savage falls prostrate before the rising sun, or honours with religious ceremony 


the difterent phases of the moon. 

The supposed possibility of divining future events by the appearance of the lieavcns, 
was another inducement by which tlie ancient mind was powerfully actuated to otjserve 
the face of the sky — a hollow but imposing superstition, springing out of the witneswd 
regularity of the effects produced upon tlie face of nature by the heavenly bodies, llie 
apwent varying altitude of the sun, at different times of the year, affecting the eui lh with 
diLent decrees of heat as his rays arc more or less oblique, producing thereby the pheno- 
mena of the seasons, was one of the physical facte open to tlie notice of the early ohservei s. 
They saw not only the day and night of the world, but the summer and winter o) the world 
year, through which vagetation quickens, flourishes, and dies: deterimned by the inov^- 
mentsof a mighty luminary in the firmament ; and the s.ippo.s,tio„ ^ 
in a connection so close and marvellous, that the sun was an intelligent 
certain positions to prognosticate certain events. The olhee supposed ^ 
by one of the heavenly bodies was also assigned to the rest, an t ic roniiu * 
between them with the changes upon tlie surface of tlie earth was likewise _ 

every class of circumstances, even the physical and moral qua ities o ^ i t V pLir 

the observation of effects regularly occurring, their true eaust s over looked, but be g 
plainly dependent upon celestial appearance.s, the art of judicia a»tio o^y lac i s origi . 
The Chaldean priests marked the position of the stars in thcii courses, am o le moc 
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walking in her beauty, for astrological purposes ; and hence inspired prophecy, when 
denouncing the divine judgments against Babylon, challenges the “ astrologers, the star- 
gazers, and the monthly prognosticators,” to try their power to avert them. The pre- 
dominance of this delusion during the middle ages in Europe, transported hither from 
the East, is well known. The fate of empires, the destiny of monarchs, the consequences 
of battle, the private fortunes of individuals might, it was supposed, be gathered from 
the position of the stars at the time of the nativity of the persons on whose behalf they 
were consulted, compared with their position at the time of the consultation ; and with- 
out applying to the seer, who was imagined to read in the heavens the character of 
every event, whether it would prove favourable or adverse, scarcely any public measure 
or private enterprise was undertaken. 

The honour of priority in observing the celestial sphere has, however, been claimed for 
the ancient Hindus, the Chinese, and the Egyptians ; and to the two former especially, 
a cultivated knowledge of its mechanism at a far distant era has been assigned. It would 
involve a tedious and unsatisfactory detail to consider this question at length. It may 
suffice to remark, that the preponderance of evidence is in favour of the plains of Chaldea 
being the primal seat of afiplication to observative astronomy — that from thence, as from 
a geiKjral centre, it radiated, at some unknown but remote period, towards the banks 
of the Nile on the one side, and to India and China on the other — and that, in the in- 
fancy of national exiskmce in those countries, the rising and setting of the stars, lunar 
and solar eclipses, and conjunctions of the planets, were objects of attention, with an 
entire reference cither to astrology, religion, or policy of state. The Hindu tables claim 
an epoch of 3102 years before Christ, and fix a general conjunction of the sun, moon, and 
])lanet 8 , at that era, the beginning of the Caliyug, or iron age of their mythology 5 but 
modern calculation proves the impossibility of such a conjunction then occurring — that 
Venus, in particular, could not have been near it at the time specified. The tables there- 
fore are not established on observation, but have been calculated backwards, either from data 
supplied by native application in a comparatively recent age, or derived from the Greeks 
and Arabs. In opposition to this last conjecture, the proud scorn of foreign nations en- 
tertained by the Brahmins has been quoted, which seems to have been special in relation 
to the Greeks or Yavans, from their proverb that no base creature can be lower than a 
Yavan ; but the following curious ]>ussage from one of their earliest astronomers upholds 
the former opinion : — “ The Yavans,” says he, “ are barbarians, but this science is well 
established among them, and they are revered like holy sages.” With reference to the 
ancient Chinese, we have little in their annals beyond records of solar eclipses, which 
were rt'garded as prognostics of importance to the empire. Those which may be depended 
upon, as having been actually observed, commence with the year 776 before Christ, and 
terminate with the yt^ar 1433 of our era. But nothing is more dubious than the credit of 
their native histories ; and nothing more certain than the ignorance of the professedly scien- 
tific class, even of the simplest operations of practical astronomy, when intercourse was first 
opened with the people of the West. In Egypt, no doubt, attention to celestial phenomena 
commenced wdth the era of its early inhabitants. The exactness with which some of the 
pyramids have been made to face the four cardinal points has engendered the suspicion 
that they were designed for an astronomical use ; and authorities may be cited, who state, 
that they terminated at the top in a platform which the priests occupied as an observatory 
of the heavens. But if the Greek philosopher taught them how to find the height of the 
pyramids by the shadow, one of the most simple examples of practical geometry ; we can 
form no high idea of the accomplishments of the Egyptians. In fact, Ptolemy, who lived 
in the country, and may be presumed to have been acquainted with its records, derived 
none of his materials from that source, but only quotes the observations of the Chaldeans. 
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The sculptured planisphere of the temple of Denderali, discovered by tlie scientific men 
of the French expedition, and supposed to represent the appearance ef the heavens ut 
midnight on the summer solstice, about seven centuries prior to the Christian era, is now 
well known to be a work as recent as the time of the Roman empire. Upon the whole 
we have reason to suppose that the astronomy of the ancient oriental nations made no ad- 
vances beyond that tolerably exact knowledge of the mean motions of the sun and moon 
which the purposes of agriculture required,— that it chiefly dealt with the simjile observ- 
ation of eclipses, occultations, and the rising and setting of jirincipal stars, whicli was tlie 
work of a priesthood who made it subservient to the consolidation of their superstition, 
— and that the idea of a cultivated science existing in times of venerable antiipiity, tla^ 
hypothesis of some philosophers half a century ago, — is without foundation. 

The present divisions of the sun’s apiiarent path in the lieavenH, ufion each of wliieh 
imagination has stamped an earthly figure ; with the arrangement of the extra-zodiacal 
signs ; date their origin from a remote period, but both era and authors ixro. lost in the mists 
of ancient time. However inconvenient their use, and undesirable, on otlier grounds, tlu*ir 
retention in the present day, there was a moral grandmir in the idea of ri^gistering in the 
skies the wild legends of mythology, and writing upon tlie impmdshabh' vault oi‘ heaven 
the customs and events of earth — all so surely liable to change and to oblivion. 'J'he 
grouping of the stars into constellations, to which definite names and figuri*s are attached, 
had an oriental commencement, though subsequently the (i reeks and Jbimans largely 
altered and amplified the work of their predecessors. It is not an improbable surmise, that 
the figures of the zodiac have some relation to the rural occupations of tlu^ ancients, or to 
the phenomena presented by the sun. Thus, the, figure*, of a ram is supposed to have b(‘en 
assigned to tlie assemblage of stars forming the first constidlation, because* of th(^ sun 
being in that part of the heavens at the season wluui the flocks were* tak(*n from tlu*. 
stables to the fields. Thus, also, the lion was chosen to represent the, iierccness ol‘ the, 
solar heat in summer; the scorpion, to indicate the unhealthiness of autumn; and tlie 
balance, to express the equilibrium, or equal length of tin*, days and nights, at the same, 
period. While the Greeks and Romans retained the zodiacal constellations, derived irom 
remoter antiquity, they constituted, as extra-zodiacal, images having a special r(*ference to 
their own history — the figures of heroes, and the emblems of tludr deeds, over whose 
existence hang the clouds of fable, or upon whose reqiorted (diaracter rest the bhjts of 
shame. It must, however, be acknowledged that the moderns are scarcely in circum- 
stances to blame this proceeding, having contributed themsidves to make confusion worse, 
confounded by adding to the motley assemblage of celestial signs. A jilace in the 
heavens has been given to the shield of Sobieski, the sceptre of Brandenburg, the crown 
of Frederick, the heart of Charles the First, and one was jiroposed for Najioleon in Ihe 
height of his guilty greatness. 

The age of astronomy in Greece commenced in the seventh century previous to our 
era ; but in the writings of the older poets, Hesiod and Homer, some centuries earli(‘r, allu- 
sions occur which show that the ai)pearance of particular stars and groups had been care- 
fully noted. The former mentions the Pleiades remaining invisible for forty days, which 
has been found to be as accurate as possible for his eyioch and latitude. In precepts con- 
cerning rural affairs, he advises the sickle to be applied to the ripened corn at the heliacal 
rising of the cluster, and the ground to be ploughed at its heliacal sotting. Now, sup- 
posing that he lived about nine centuries before Christ, the era usually given, it is ascer- 
tained, by astronomical formulae, that the heliacal rising of the Plciadi^s took place at a 
time of the year corresponding to about our seventh of May, so that the harvest in Greece 
is now a month later than it was then. It is also found that their heliacal setting would 
be at a period answering to our twenty-ninth of March. The interval between the two 
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periods, about forty days, during which time the cluster would be invisible owing to its 
proximity to the sun, corresponds with the preceding statement. Hesiod Ukewise ob- 
serves, that when the Pleiades rise from the dark seas, sailing is dangerous, and that, on 
account of violent winds and rain, it is necessary to have large vessels, well provided with 
ballast, and to work much at the pumps. Here, he evidently alludes to what is c^ed the 
acronical rising of the stars, which takes place at the setting of the sun. This would 
happen in his day soon after the autumnal equinox, in the case of the group named ; 
and at that season, we know that storms are common in the Grecian seas. The names 
of several of the constellations occur in Homer. In the fifth book of the Odyssey, he 
makes Ulysses, upon leaving the island-goddess for his bark, speak of the “ Pleiades 
and Bootes, the Ilyades, and bold Orion, the Bear, which is called the Wain, the un- 
wearied sun, and the full moon, and all the stars, by which, like a crown, the heavens are 
8urround(^d.” He mentions Sirius also, and Hesiod in addition introduces Arcturus j 
but neither of these writers take any notice of the planets. The reference, in the fine 
passage descriptive of Tydidcs in the Iliad, is doubtful : — 

“ Hiffli on his helm celestial lif^htnings play, 

Ilis heatny shiehl emits a living ray ; 

Tlie unwearied blaze incessant streams supplies, 

IJke the red star that fires the autumnal .skies, 

When fresh he rears his radiant orb to sight, 

And bath'd in ocean shoots a keener light.” 

Some conjecture Venus to have been intended, others Sirius ; and it may here be men- 
tioned, as a singular physical fact, that Sirius, now so brilliantly white, was known as 
a red star to the ancients — a change of aspect which is not a solitary instance of the 
phenomenon. 

By Thales — the founder of the Ionic school — the basis was laid, of whatever profi- 
ciency tlic Greeks attained in astronomical sci- 
ence, for they were never distinguished as a 
people by the study of physical nature. Of him, 
the. familiar story is related, that when a boy at 
Miletus, his native city, he fell into a ditch while 
contemplating the stars, upon which Thressa, his 
conductress, exclaimed, “ Why, O Thales, do you 
seek to compi*ehcnd the things which are in the 
heavens when you are not able to see those before 
your eyes ? ” The trutli of this anecdote has been 
doubted, but the remark harmonises with what 
we know to liave been the general tone of the 
Grecian mind. The great men of the country 
were chiefly poets, warriors, statesmen, orators, 
and moral rather than natural philosophers. It 
was not the spirit of scientific enquiry, but a love 
of speculative and tasteful sentiment, that ele- 
vated the soul of Plato into comtnunion with the 
skies, and inspired the thought, that because the 
flight of birds, and the movement of every body 
through space, produced a vibrative sound, that 
therefore the motion of the celestial objects must 
occasion a ravishing harmony, fitly called the music of the spheres — an idea to which 
Shaksjiearo gives expression in the address of Lorenzo in the grove to Jessica : — 
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** How sweet the moonlight sleeps upon this bank 1 
Here will we sit* and let the sounds of music 
Creep in our ears ; — soft stillness and the night 
Become the touches of sweet harmony. 

Sit, Jessica ; look how the floor of heaven 
Is thick Inlaid with patterns of bright gold : 

There’s not the smallest orb, which thou behold’st, 

But, in his motion, like an angel sings. 

Still quiring to the young-eyed cherubim. 

Such harmony is in immortal souls.” 

It was the tendency in general of the Attic mind to study with ardour, morals, poli- 
tics, and religion, but to play with physical phenomena : regarding only the graceful and 
poetic sentiments they suggested. Thales, an Ionian, and Ids successors, were exceptions 
to this rule of their countrymen, and arrived at conceptions respecting the constitution of 
the universe which strongly sympathise with the hypotheses that are now admitted. The 
most prominent circumstances concerning him are, that while the Greeks were contented 
with the rough approximation to the north afforded by the Great Bear, he introduced the 
knowledge of the Little Bear, by which the Phoenician mariners had long been accustomed 
to steer ; that he made a near approach to the diameter of the sun, taken at a mean ; taught 
the sphericity of the earth ; and predicted a great solar eclipse, which occurred at the tinie 
announced. We may regard this last-mentioned particular as the greatest astronomical 
achievement, resting upon good authority, that had hitherto transpii>t^d. Herodotus, whose 
relation may be substantially confirmed by other testimonies, observes, that in tlie midst 
of an action between the Medes and Lydians, the day was suddenly changcMl into night. 
He adds, that Thales the Milesian had predicted the year in which the. eelipse would 
happen, and that the hostile armies, when they saw the darkne-sa, desisted from the battle. 
According to the calculations of Bailly, the centre of the moon’s shadow i)as8ed in a right 
line over the north-eastern part of Asia Minor, the scene of the war, through Armenia 
into Persia, on the morning of September 30th, b. c. 610. Want of minuteness in the 
historian probably led to the statement that the pr(*diction rcde.rred only to tlie yisar in 
which the eclipse would take place, for, as it was total, or nearly so, Thales must liave, 
been able to come much nearer to the time. It follows, also, that such a prediction could 
only have been made with certainty by one in possession of a long series of observations 
derived from some foreign source, as the Greeks themselves had not originated any : in 
all likelihood from Chaldea, where the requisite materials might be found. 

The opinions held by the successors of Thales are in several respects remarkably 
accordant with modern ideas. Anaximander maintained the tenet of the earth’s move- 
ment about its axis, and of the moon’s light being reflected from the sun. Anaxagoras, 
who transferred the Ionic school from Miletus to Athens, in addition offered a conje.irture 
that, like the earth, the moon had habitations, hills, and valleys. All these truths were 
taught upon a more extended scale by Pythagoras, who appears to have reached the 
sublipae conception of the earth’s motion round the sun, which Philolaus, his sucjcessor 
in the Crotonian school, is generally believed to have taught openly. According to the 
Pythagoreans, not only the planets, but the comets themselves, are in motion round the 
sun, and not floating meteors formed in the atmos[)here. But such philosophic views as 
these, instead of obtaining the suffrages of antiquity, met with little acceptance, because 
opposed to the evidence of the senses ; and they slumbered for eighteen centuries, owing to 
the powerful confirmation given to the doctrines of Aristotle by the apparent motions of the 
heavenly bodies. These gleams of truth vanished from the world with the existence of the 
. Ionic and Crotonian schools. A blind submission was yielded for ages to the dogmas of 
the Peripatetics, who held the earth to be the quiescent centre of the universe, the 
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celestial bodies its servants, moving in circular orbits, and with uniform vclocitieB, and 

comets simply meteors gene- 
rated in the terrestrial atmo- 
sphere. The divine Plato in- 
deed, the master of Aristotle, 
is said to have renounced his 
opinion upon one of these 
points in his old age, and to 
have admitted that the centre 
ought to be appropriated to 
some more noble object than 
the earth, or, rather, than ter- 
restrial substance. It is a 
plausible conjecture, that the 
elements of his own system 
were first suggested to the 
mind of Copernicus by notices 
of the opinions of the disciples 
of • Thales and Pythagoras. 
They won few converts, how- 
ever, among the Greeks, and 
in some instances exposed 
their professors to persecution. 
The Athenians condemned 
Anaxagoras to death for his philosopliical views, a fate from which he was saved by the 
interest of Pericles, but he was seiiteneed to perpetual banishment, and died in an obscure 
town on the Hellespont. Philohius also suff<;r(‘d persecution on account of his doctrine of 
the earth’s annual revolution, wliicJi so shocked the prejudices of men as to subject him 
who maintained it to the suspicion of impiety. 

Egypt became the chief seat of astronomical science in the ancient world soon after the 
age of Aristotle. Alexandria had risen by the delta of the Nile at the command of the 
conqueror from whom its name is derived, and under the superintendence of the architect 
who proposed cutting mount Athos into the figure of a man. Upon the death of Alexander 
it became the capital of one of the kingdoms formed out of the ruins of his empire. The 
first of the Ptolemies laid the foundation of its celebrated library — perhaps the most 
extensive collection of books ever brought together before the invention of printing. His 
successor established in connection with it a college for the cultivation of the pure 
sciences, invited the most accomplished of the Greeks to repair to it, supplied them with 
whatever instruments could be furnished necessary to their pursuits, and thus arose the 
Alexandrian school, which received the flattering epithet of Divine, on account of the 
acquirements of its professors, and the philosophical character of its investigations. It 
originated a connected series of observations relative to the constitution of the universe. 
The positions of the fixed stars were determined, the paths of the planets carefully traced, 
and the solar and lunar inequalities more accurately ascertained. Angular distances 
were calculated with instruments suitable to the purpose by trigonometrical methods, and, 
ultimately, the school of Alexandria presented to the world the first system of theoretical 
astronomy that had ever comprehended an entire plan of the celestial motions. The system 
we know to be false, and inferior to the Pythagorean notions ; but it had the merit of being 
founded upon a long and patient observation of phenomena, a principle which finally brought 
about its own destruction, while the previous theories were the results of pure hypothesis. 
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The most interesting circumstances connected with the early history of the Alexandrian 
school are the attempts mjade to determine the distance of the earth from the sun, and the 
magnitude of the terrestrial globe. Aristarchus of Samos is the author of an ingenious 
plan to ascertain the former. Suppose the centre of the circle s to represent the centre of 
the sun, M that of the moon, and at £ the position of an observer on 
the surface of the earth. It is easy to perceive that, when the moon 
has half her disc illuminated by the sun, a line drawn from k to 
M will be perpendicular to another line drawn from s to m, 
making with each other a right angle. The plan of Aristarclius 
was, that the angular distance s e M should at that time be 
taken, which is possible, because both the sun and moon may then 
be seen at once above the horizon, from whence the ratio of e s 
to E M may be determined. He obtained the general result, tluit 
the distance of the sun from the earth is about nineteen times as 
great as tKat of the moon from the earth. We now know that 
the distance is much greater; but notwithstanding the inaccuracy of the result, the 
method employed is undoubtedly just, and reflects the iiighest honour upon the genius of 
its proposer. He failed in practice, owing to the difficulty of ascertaining the exact time of 
the bisection of the moon’s disc, and the imperfect instruments then in use for the mea- 
surement of angular distances. The ddlermination of the sun’s distance from the earth, 
with any thing like precision, is only of recent date, and has been eflected by means of 
which the ancients could have had no conception. Aristarchus held the Pythagorean 
doctrine of the motion of the earth in space, and gave the right answer to the formidable 
objection long afterwards made to it, that of the non-existence of an annual parallax. The 
answer recognised the earth’s orbit as being an insensible point in comparison with the 
vast distance of the fixed stars. The boundaries of the universe were thus extend(‘d to 
his mind far beyond any limits conceived by his predecessors. There is great obscurity 
resting upon his life. The era of his birth and death is unknown ; but he was alive n. c. 
280, as an observation of the solstices made by him at that date lias been preserved. Ihe 
Greek text of his only surviving work, « On the Magnitudes and Distances of the Sun 
and Moon,” was edited in this country by Dr. Wallis in 1688. He estimated the api>arent 
diameter of the sun at 30^, — about 2 too little. 

The attempt to determine the magnitude of the earth was made by Eratosthenes, and 
we have reason to believe this was the first attempt ever made to solve the problem, as 
certainly it was to do it upon a true princiide. Syene, in Upper Egypt, then 
a flourishing city, now Assouan, has acquired an interest from its connection 
with this experiment. It was supposed to lie exactly under the tropic of 
Cancer, as it had been observed that, on the day of the summer solstice, at 
noon, a well there was enlightened to the bottom, while vertical bodies threw 
no shadow for the space of about three hundred stadia around Jt- At 
Alexandria, therefore, which was conceived to lie undtjr the same meridian, 
on the same day at noon, when the sun was believed to be vertical at Syen^ 
Eratosthenes measured his zenith distance, or the value of an arc the 
meridian between the two cities. Let e be the centre of the earth, A Alex- 
andria, B the sun, and s' Syene. The celestial arc contained between the 
*eniths of the two places, Alexandria and Syene, was found to S 

circumference of a circle, that is, to 7“ 12 '. Now, admitting the earth to ^ 
form, Eratosthenes would obtain the measure of its of S 

time; the distance between the cities. This distance 

goremment to be 5000 stadia, and consequently the result obtained for the length of the 




10 09 ABTBOKOMIOAL M 

whole'teMitriil circnmference was 250,000 stadia# The great uncertainty that exiata, as 
to the Talne of the atadium in question, prohibits any appreciation of the measurement : but 
aereral important errors were committ^ in the practical application of a right principte. 
No allowance was made for the solar parallax, and instead of Syene being under the 
tropic of Cancer and on the meridian of Alexandria, it is about 50' north of the former, 
and nearly 8® east of the latter. The principle of the method employed is, however, pre- 
cisely the same as that which has been acted upon in modem times ; and our more accu- 
rate results in determining the magnitude of the earth are owing to greater nicety in 
observation, attention to all the elements which the solution of the problem requires, and 
more perfect instruments for the measurement of linear and angular distances. The 
inventor of the method was born at Cyrene, in the year 276 b. c. The third Ptolemy 
invited him to his capital, giving him the charge of its library ; but becoming weary of 
life at the advanced age of eighty, he died by voluntary starvation, and was succeeded in 
his office of librarian by the author of the Argonautics. 

We now come to the greatest astronomical name in antiquity — that of Hipparchus — 
who may be properly regarded, on account of the plans he pursued and the results he ob- 
tained, as the father and founder of real astronomy. The invention of spherical trigonometry 
is supposed to be due to him, and undoubtedly the first application of it is, by which the 
places of the celestial bodies may be fixed, and the variations of their movements exhi- 
bited with precision. He approximated also clos^ to the true length of the tropical year, 
which had been previously held to be 365 J- days. This he discovered to be an error in 
excess, by comparing one of his own observations of the summer solstice, with another 
made by Aristarchus of Samos, 145 years before. His own determination of 365 days, 
5 hours, 55 minutes, 12 seconds, exhibits a value greater than the truth by 6' 13" only, 
as according to Laplace, the length of the tropical year at that time must have been about 
4"*2 shorter than in the present age. The error can occasion no surprise. It must be 
remembered, in behalf of the ancients generally — to use the words of Delambre, that their 
astrolabes were nothing but armillary spheres, of no great diameter, and with very small 
subdivisions of a degree ; and that they had neither telescope, vernier, nor micrometer. 
“ What should we do,” he goes on to remark, “ even now if deprived of these helps, and if 
we knew neither the refraction nor the true altitude of the pole, on which point, even at 
Alexandria, -and with armillie of every sort, an error of a quarter of a degree was com- 
mitted ?” At this day we dispute about a fraction of a second ; they could not then answer 
for any fraction of a degree, and might be wrong by a whole diameter of the sun and 
moon. The appearance of a new star in the time of Hipparchus is said to have induced 
him to make a catalogue of the fixed stars, in order that posterity might be able to recog- 
nise any changes that might take place in the appearance of the heavens. He was well 
aware of the importance of such a catalogue, especially for observations of the moon and 
planets ; and in executing the task he rendered essential service to astronomy, and made 
his most remarkable discovery. Comparing the place of the star Spica Virginis, as de- 
termined by himself, with that assigned to it about 170 years previously by two distin- 
guished Alexandrians, he found that this star was six degrees distant from the autumnal 
equinox, whereas the before-mentioned astronomers had found it eight degrees from the 
equinox. He saw that there must have been either a movement of the star in longitude 
during the interval, or a contrary movement of the equinoctial point in the heavens. The 
same phenomenon was observed in relation to other stars ; that while their latitudes had 
been retained unaltered, they had advanced in longitude ; and hence the retrogradation of 
the equinoctial points along the ecliptic was inferred, the cause of which remained a secret 
till the age of Newton. 

The catalogue formed by Hipparchus contained 1080 stars. The labour it involved. 
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ana its use, called forth the strong language of Pliny, who describes it as a thing even 
hard for a god to perform — “ Ausus rem etiam Deo improbam.” Perhaps, had we an 
accurate catalogue of the stars, dating back four thousand years, some remarkable varia- 
tions of position would be discovered, transpiring by slow and imperceptible degrees, 
which would open views of the universe, which will now require the observations and 
comparisons of future centuries to develope and confirm. After determining the places of 
the stars, Hipparchus made a representation of the heavens on the surface of an artificial 
globe, which appears to have been deposited at Alexandria ; and with him also the happy 
idea originated of marking the positions of towns in the same manner, by circles drawn 
through the poles perpendicularly to the equator, or by latitudes and longitudes. When 
his brilliant career commenced and terminated, is unknown ; but he was born at Nicn*, in 
Bithynia, made many of his observations at Rhodes, and was alive in the interval between 
160 and 125 b. c. He amply merited the epithet applied to him by Ptolemy, “ tlie lover 

of labour and truth,” ^tXoTrovoc mt 
(juXaXydrig ; and is properly classed 
in scientific opinion with the Brad- 
leys and Flamsteads of modern 
times. After him, there is little to 
invite attention in the history of as- 
tronomy for nearly three centuries, 
when we come to Pt(»Iemy, the, first 
who formally broached a system of 
the universe which has been handed 
down to us. 

Apart from his theory, Ptolemy . 
has great merits, lie was the he.st 
scholar of his age — a practical 
astronomer, mathematician, and 
geographer — the author of the im- 
portant discovery of the evection or 
libration of the moon. Born in | 
Egypt, and flourishing at Alexan- 
dria through the reigns of the em- 
perors Adrian and Antoninus, Ik; 
there became acquamted with the 
writings and observations of Hip- 
parchus. The former, with one 
exception, unfortunate.ly perished 
at the destruction of the Alexandrian library; but the chief of the latter have; been 
preserved by Ptolemy in his own works, and they have largely contributed to his fame. 
In a celebrated production which ruled the mind of Europe for fifteen centuries, the 
Great Collection, or Almagest, as it was called by the Arabic translator, he re- 
corded the advances of past ages in astronomy, the state of the science in his own 
time, and developed a plan of the celestial movements. It recognised the earth to 
be a spherical body for reasons similar to those that are now alleged in proof of 
its convexity — to be the immovable centre of the universe — the sun, moon, planets, 
and fixed stars, prosecuting a daily revolution around it, in [)crfect circles, and with 
uniform velocities. This is in accordance with the appearance presented by the first 
blush of the universe to the physical eye. The sun is seen daily pursuing a course 
through the heavens in the segment of a circle from cast to w^est. The same path is ap- 
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IMCieall j hj the moon end stars; and on a calm autumnal or winter nighty 

whea Aile winds are lulled^ and scarce a twig stirs, or a ripple is seen upon the waters, 
hal the ** river wanders at its own sweet will,** how perfect the illusion in which the 
soene involves the senses-— the quiescence of our terrestrial globe, and the ceaseless revo- 
lution of the firmament round it as a central point 1 These were dogmas firmly held by the 
Platonists and Aristotelians, who stoutly clung also to the idea of circular orbits and uniform' 
velocities in relation to the celestial luminaries ; because the circle was deemed the most 

perfect of all geometrical figures, 
and on that account alone proper 
to represent their motions ; and be- 
cause of the fancy, that in sucli 
divine and eternal bodies no irregu- 
larity can exist. 

We have seen, however, that the 
Greeks had a cultivated acquaint- 
ance with other movements besides 
the apparent diurnal revolution of 
the sphere, movements in an opposite 
direction to it. They had carefully 
traced the sun’s path in the eclip- 
tic, that of the moon in her orbit, 
and they had marked likewise the 
striking peculiarities of planetary 
motion. To an observer on the 
earth, the planets appear to pursue 
c Th^Moon. Tix^sun. ^ most irregular and 

unsystematic kind, which was a 
perfect puzzle to the ancient theorists. Sometimes they seem to go along with the 
sphere, but with greater celerity; then, to remain stationary; then, to retrograde, or 
make an angular movement, or describe a circuit like a loop in a knot of ribbons. The 
paths of Mars and tJupiter, as observed from the earth, described the courses roughly 
represented in the diagram, at the intervals stated. It seems surprising therefore, in 
the face of tlicse appearances, that the centrical station of the 
earth, and all the orbs of heaven moving round it in perfect 
circles, should have become so much the grand leading idea 
of the ancient mind. Hipparchus, indeed, was too well aware ■ 
of the imperfection of observation, and of the importance of | 
supplying data upon which to found a theory, to be given to j 
theorising himself. But when he did systematise, he departed j 
from one of the cardinal maxims of his compeers and succes- • 
sors, by supposing the sun to revolve round the earth in a 
circle, the earth not being at the centre. He had found the in- I 
terval between the vernal equinox and the summer solstice 94 days, and that from the 
summer solstice to the autumnal equinox only 92^ days, thus making the length of the 
summer half year 187 days, and that of the winter half year 178 days. To account for 
this unequal division of the year, and to reconcile it with the idea of the sun’s orbit being 
a circle and his velocity uniform, Hipparchus dismissed the hypothesis of the centrical 
position of the earth. He supposed an eccentric circle, according to which, a b c i> 
represent the solar orbit, E the place of the earth, not coincident with f the centre 
01 the orbit, e f will be the eccentricity, G H the line of the apsides, i the position of 
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tiiis 8tt& at tlie summer, and J at the winter solstice, k his place at the vernal and l at the 
p ^ autumnal equinox. This theory provides for the circular orbit and 

uniform velocity of the sun; for the unequal division of the year, 
and an apparently unequal rate of motion to a spectator at the 
earth ; for the two arcs formed between k and l are unequal, and 
it is perfectly obvious that if perceptible to a terrestrial observer the 
sun would appear to travel fastest at the nearest point of the apsis, ii, 
and slowest at the farthest, g. This scheme is chiefly remarkable for 
its removal of the earth from the post of honour in relation to the^olar 
orb, which the general voice of antiquity assigned to it with reference to the whole uni- 
verse, that of being the centre of all the celestial revolutions. 

The idea of his great predecessor was not admitted by Ptolemy, who contended for the 
immobility and centrical situation of the earth, and attempted to reconcile with these po- 
sitions, and with the dogmas of perfect circles and unifonn velocities, the diverse and 
complex movements in the heavens. In explaining the irregularities of the planetaiy 
courses, he adopted largely the hypothesis of epicycles ; a scheme based upon the general 
principle, that irregularities of movement may be resolved into a combined series of 
regular movements — a sagacious idea, not however his own, but proposed by some of the 
earlier Greeks, yet one which he was the first laboriously to apply to the phenomena ob- 
served. It is demonstrable that two motions, each uniform in itself, may, in combination, 
appear vexed and tortuous. In illustration. Dr. Nichol says, suppose that a ship were 
sailing evenly and uniformly along a coast ; it is manifest that a passenger standing on 
deck would appear to a spectator on shore to move past him also in a regulated and uni- 
form manner, with the same velocity as the ship ; but if, instead of statiding, the passenger 
should walk to and fro on the vessel’s deck, likewise with a constant pace, his ac.tual 
motion along the coast would clearly seem of the most irregular kind. While walking 
from stern to prow his motion would appear than the ship’s; and when walking from 
prow to stern, it would, on the contrary, appear slower ; nay, if in this latter case the 
passenger walked faster than the ship sailed, he would api)ear for a certain time to go 
along the coast the other way ; so that if the vessel were invisible, and the observer fixed 
his attention solely on the passenger, he would see very irregular motions ; sometimes 
accelerated^ sometimes retarded^ sometimes even retrograde — all, howeveu*, flowing from 1 
the mere combination of two uniform motions, the sailing of the 
vessel and the walking of the passimger . Now, Ptolemy s theory j 
of epicycles combines two movements in the heavens, that of a j 
centre and a circumference. Thus let e be the earth, and M an 
imaginary centre in the heavens : the planet is suppostjd^ to be 
moving around it in the circumference a A c all the while the 
imaginary centre is accomplishing the orbit A n c d. A little 
attention will soon discover that u})on this hyr>othesis the planet’s 
motion will appear at times direct, stiitionary, and retrograde to an observer on the earth. 
But though the assumption satisfies some of the conditions required by the prob cm o the 
planetary movements, it goes a very little way towards answering them all, at.d Ptolemy 
was obliged to crowd cycle upon cycle, and combine tlicm with eccentrics, m a manner 
that would be difficult to make intelligible, and useless if attempted. 

It was a blind adhesion to the physics of Aristotle— an unquestioning adoption of the 
false principle respecting circular motion being the law of nature and tlie earth the 
centre of the univ^se-that led to this complicated scheme to Imrmoni^ Us apparent 
movements. These fundamental errors being admitted, it necessarily followed that the 
mind must go forth in quest of some plan, to bring into coherence with the maxims 
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adopted the observed facts of planetary motion. The acute intellect of the ancients is 
illustrated by the theories proposed ; but the lesson is strikingly furnished by their labo- 
rious and abortive efforts, that it is folly to take for granted that which has not been 
proved. The later Ftolemaists occupied themselves for centuries in amplifying and mend- 
ing his system, supplying an epicycle here where it was wanted, and an eccentric there 
when required, and even converting his imaginary spheres into solid transparent wheels, re- 
volving the one within the other, and each carrying a planet attached to it. The profound 
of space was crammed with a succession of huge globular forms, in which the planets were 
placed, all of the finest crystal, else the light of the stars had been intercepted ; beyond 
these was the vast sphere of the fixed stars, crystalline likewise ; beyond that was ilvQ prirnum 
mobile^ incessantly rolling and giving motion by its friction to the spheres in its concave ; 
while still farther out was the empyrean heaven, or paradise of blessed souls. 

The illustrious Alexandrian is not, however, to be identified with those who bore his 
name in the middle ages. He would have repudiated at once their vain inventions. 
They were schoolmen chiefly, more familiar with the dreamy philosophy of the Academy 
and Stoa than with the experimental science of Hipparchus — more skilled in logic than 
in the examination of physical nature. The Ptolemy of the early Christian era was a 
practical astronomer, and his merits as such give him a title to fame, which his theory, 
now exploded and obsolete, ought not to obscure. He was the first to point out the 
eflTectof the atmosphere in changing the direction of the rays of light ; and, though unable 
to appreciate the amount of its refractive power, he clearly perceived its influence on the 
altitudes of the stars, was aware of its increase with the distance from the zenith, and 
assigned this as the cause of the greater apparent magnitudes of the solar and lunar discs 
at the horizon — an explanation now*gencrally held. 

A scheme nearer to the truth than the Ptolemaic, commonly called the Egyptian, was 
in vogue when the former was broached, though there is no reason to su})pose, with some, 
that it prevailed at an early period in that country. It regarded the inferior planets as 
revolving round the sun, and moving, in conjunction with the sun, round the earth. It 
is obscurely liintcd at by Pliny ; but explicitly announcc^d by Vitruvius, who lived a short 
time [irior to Ptolemy. Mercury and Venus, the architect remarks, are the planets 
nearest to the rays of the sun, and move round the latter as a centre, appearing sometimes 
progressive, sometimes retrograde, and occasionally stationary among the signs. But 
this system, the prototype of the Tyehonic, never became po[)ular. A valid objection to 
it was probably found in the fact that the inferior ])lanets were never seen in phase, an 
appearance which would be exhibited if alternately beyond the sun and between it and 
the earth ; a position strictly true, and had the eye at that period been aided by the 
telescope, Venus would have been seen in phase as at present. The superior planets 
were invariably arranged by the ancients in the same order— that which now obtains. 
They hod obviously no guide as to their respective distances from the earth, but tlie 
indications discernible in their different brightness and velocity. Those which had the 
slowest apparent movement were concluded to be the most remote. Hence Saturn, a 
dull and sluggish travqjler in s])aee, was placed on the exterior ; then Jupiter and Mars 
followed in succession towards the earth : the sun, moon, and inferior planets were placed 
within the orbit of Mars, and the moon was considered the nearest celestial object to our 
globe. Next to eclipses of the sun and moon, occultations of the stars and planets by the 
moon, or the approach of the moon or of a planet to any star, with the appearance of 
comets, attracted attentive observation. An occultation of Mars by the moon is men- 
tioned by Aristotle, and one of Saturn is recorded by Ptolemy as having taken place in 
the year 228 n. c. In fact, we may find some notice, more or less distinct, taken by the 
ancients, of all the celestial phenomena wliich the unaided vision has observed in modern 
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times, with one exception, that of an annular eclipse of the sun, with reference to which 
the voice of antiquity is silent 

The instruments of observation known to the ancient world were of a simple and 
imperfect kind. The earliest of which we read is a vertical pillar employed to determine 
the sun’s altitude by means of its shadow. It was in general use for this purpose among 
the Oriental nations. The lofty pyramidal stone which Diodorus Siculus describes as 
hewn out of the mountains of Armenia by order of Semiramis, and set up in a conspicuous 
part of the city of Babylon, is conjectured to have been erected with this design. A 
Chinese record of uncertain date, but undoubted antiquity, refers to an observation on 
the length of the meridional shadows cast at the times of the summer and winter solstices 
by means of a vertical pillar. It is scarcely to be doubted that such a simple and obvious 
way of approximating to the length of the year must have suggested itself at a very 
remote period. The greatest elongation of the shadow cast by the pillar at noon at mid- 
winter, its gradual decrease towards the vernal equinox, its greatest declension at mid- 
summer, and its gradual advance to its maximum elongation again, are points to whicli 
we may believe attention wa& early directed ; and a series of observations, taken with 

precaution, would lead to some results 
valuable in a rude state of society, and 
to an agricultural people. The same in- 
strument was also employed to divide 
th(i day into equal parts, by means of 
lines traced on the pavement, wliich in- 
dicated the hour as the shadow of the ' 
column fell upon them. There is strong 
reason to believe that these instruments 
originated the obelisks of a subsequent 
age, erected in open scjuarcs in the Asian 
cities, and near the entrances of the 
Egyptian temples, and that these were 
intended primarily to answer one or all 
of th(? purposes named. It has been ob- 
jected to this idea that the form of the 
summit of the obelisk will not allow of 
the extremity of the shadow being accu- 
rately defined ; but there is some founda- 
tion for the surmise that a ball crowned 
the summit, by which the end desired 
might be gained. Augustus removed 
two grand obelisks from Egypt to Kome 
Obeiuk At Heiiopoiii. cxprcssly to be used as gnomons, which 

conveys the impression that they had previously serve^ that office ; and M“Hus pl^d a 
ball upon the obelisk erected by him in the Campus Martius, witli a view to faLihtate the 
accurl delineation of its shadow. The great importance in 

taininor the hour of any phenomenon occurring, or observation being made, led to various 

by day when the sun was obscured. The one m general use was the W ^ “ 
cLk, M its name imports, an hour-glass, water being used prior to sand. The orations 
of the Greeks and Romans were regulated by this contrivance as .? 

M was called pleading by the clepsydra. The Tower of the Wind at Athen^ o^her- 
wise styled the Tower of the Clock, an edifice of the age of Alexander, seems to have 
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been erected to contain a sundial with eight faces, meeting the four cardinal and four 
intermediate points of the horizon, and a clepsydra ; and, by an ingenious contrivance, it 
would appear that the latter was sometimes made to divide the day into twelve equal 
parts, the aperture through which the water dowed contracting or enlarging according as 
the length of the natural day increased or diminished. 

A great variety of instruments were constructed by the Alexandrians. Astrolabes, or 
armil]bry spheres, were used in the observance of solar and sidereal phenomena. These, 
in the hands of the Arabs, at a subsequent period were largely improved, and made upon 
a gigantic scale. Whether any knowledge was possessed of the means by which the 
natural sight is now assisted in the contemplation of distant objects, is a controverted 
topic. From some obscure intimations found in the ancient writers of bodies circulating 
in the universe invisible to the naked eye, it has been conceived that the satellites of 
Jupiter and Saturn are meant, having been discovered by the aid of instruments analogous 
to the telescope. Sir W. Drummond assigns a knowledge of that instrument to the 
Greeks, Chaldeans, and Hindus ; but though some strong facts may be quoted in favour 
of the former, the evidence is not sufficient to warrant the inference. In enabling the 
eye to bear the brilliancy of the solar light, when directed towards that luminary, 
various methods were adopted. Aristotle speaks of mirrors being used in his time, 
probably meaning thin metallic plates finely polished. Ptolemy mentions vessels of oil 
being employed in viewing eclipses, and Seneca refers to the medium now common, that 
of smoked glass. 

We now take leave of the ancient world, bewildered by the apparently involved and 
disorderly movements of the heavens, having hold of no clue by which to arrive at the 
discovery of their harmony, “puzzled with mazes and perplexed with errors.” The 
economy of the universe was a sealed book to the eye of antiquity — the theory of its best 
scholar a dream, at utter variance with the truth. The l)ook had been shut for thousands 
of years previous, and it remained closed for more than a thousand years afterwards. 
Yet there were not wanting some lofty minds who clearly perceived the discordance 
between the interpretation given and the facts observed, after all that ingenuity and 
application had done towards a reconcilement, and who seem to have indulged the anti- 
cipation of the appearance of a person able to open the volume and read the perfect 
coherence of its contents. Such was Seneca the philosopher. “ How many things,” he 
remarks, “ are beyond the reach of human intelligence ! and how small is the part of 
the universe accessible to our knowledge ! even the Deity himself is no better known to 
us.^ But, as if inspired with the spirit of prophecy, he observes ; — “ The time will come 
when posterity will be surprised that we could be ignorant of things, the knowledge of which 
might have been so easily acquired, and some one will at length arise yrho shall teach men 
the paths of the comets, their magnitude and number, and why they deviate so far from 
the routes of the planets.” IIow has the anticipation been realised — the prophecy been 
fulfilled! It is somewhat remarkable that he who in his Natural Questions thus expressed 
himself, should, in a similarly happy vein, have treated another topic in the tragedy of 
Medea as follows: — “ Eras shall come in late years, in which ocean may loosen the bonds 
of thmgs, and a spreading continent expand, and Tethys reveal new regions, nor Thule 
be the boundary to the lands.” If the former passage strongly reminds us of Copernicus 
and Halley, the latter does so equally of Columbus and Vasco de Gama. 
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o rule tlui nations with imperial sway, lr> impose tiTnis (yf pc'uce, to 
spare the humbled, and to crush the. proud, resif^ning it to others t(y 
describe the courses of the heavens, and explain the risinju^ stars ; this, to 
use the words of the poet of the j^^bieid in tlic apostrophe of Anchis(‘s 
to F'abius in the Shades, Mas regarded as the prop(‘r province of a 
Roman. The genius of the people was even more adverse to tlie cultivation ol‘ tlie physical 
sciences than that of the European Greeks; and we have S(*.en that th(j latter lel't (‘x peri- 
mental philosophy chiefly in the hands of the Asian and African colonists. 'I'he (dc^gant 
literature and metaphysical speculations of Athens, lun* ejyics, dramas, histories, and orations, 
had a numerous host of admirers in Italy, but a feeling of indifference was displayed to 
the practical science of Alexandria. This repugnance of the Roman mind at home to ma- 
thematics and physics, togethet with the prevalence of its military despotism abroad, which 
extended from the Atlantic to the Indian Ocean, from Northern Jiritain to the cataracts 
of the Nile, annihilated in a measure the pure sciences in tlic conqu(5rcd districts where 
they had been pursued, and prohibited attention to them in tlKj mother ('ountry. Long, 
indeed, after the age of Ptolemy, the school in connexion with which he flourished, re- 
mained in existence ; but, receiving no countenance from the imperial represemtatives, and 
the iron yoke of arbitrary power prostrating the energies of tins people, it gradually waned, 
and was finally extinguished by the disorders that broke up the Roman (unpire. The 
interval between the overthrow of ancient civilisation by the rude and warlike tribes 
that took possession of its seat, and the revival of learning, exhibits an entire neglect 
of the liberal arts, with the exception of the Arabs during the era of their power on the 
banks of the Tigris in the East, and the Guadalquiver in the West. 

The brilliant career of these Children of the Desert, soon after their emergence from it, 
was marked by an act, committed in the fever of fanaticism — the destruction of the Alex- 
andrian library, which betokened little the literary and scientific ardour of their descend- 
ants. The event strikingly contrasts with that which occurred in the reign o^Almamon, 
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when a long train of camels entered the gates of Bagdad laden with volumes of imported 
learning, the fruit of a treaty made with the emperor of the East which imposed upon 
j him the condition of furnishing copies of all the Greek authors. The medicine of Galen, 

! the metajihysicB of Aristotle, and the astronomy of Ptolemy, thus came into the hands of 
the caliph, and speedily appeared in the language of the caliphate. Arabian cultivation 
i commenced with the dynasty of the Abassides, or the middle of the eighth century. 

I Three princes in succession, Almansor, Alraschid, and Almamon, used eveiy means in 
their power to promote tlie growth of learning among their people, and the advantages sup- 
plied by their fine cliraate were not lost upon the followers of the Prophet, when a taste for 
, uMtronowiruJ neience had lieen created ; for upon the same sites where the old Chaldeans, two 
thousand years previously, had gazed with wonder upon the heavens, they entered upon a 
courwi of observation, with all the ardour common to their impulsive character, guided by 
the light of the Greek results, The work of Ptolemy was their text-book ; his system, 
tlnfirs : but instruments were constructed upon a larger scale ; his determinations were 
subjected to a rigid examinution ; and in many instances a more accurate conclusion was | 
obtained. The length of the tropical year was found within a few seconds of the truth, j 
A degret? of the terrestrial meridian was measured in the Desert near Palmyra, to verify : 
the value obtained by h>atosthenes. The obliquity of the eeliptie was determined. The 
great inequalities also of Jupit(!r and Saturn are marked in the tables of planetary motions j 
constructed by the Arab astronomers. Their observations, in general, of the celestial i 
IwMlies have a greater degree of accuracy than those of the Greeks, on account of the j 
necessary correction ladng made for the phenomena (»f refraction, which was observed with 
reference to InMlies near the horizon. Bagdad, however, was only tlie centre of a move- | 
nient in favour of science. The impulse extcjided as wide as the language and profession 
of Islam, to Egypt, Mohm^co, and Spain ; and it long survived after the i>olitical j>ower of 
the Eastern caliphs, which had gleamed like a meteor, had as suddenly vanished. An | 
observatory was erected in the northern part of Persia, by a descendant of Gengis-Khan ; I 
and Ulugh Beg, a prince of the house of Tiinour, erected one at Samarcand, where he ■ 
compiled his now extant catah»gue of the stars. The preface to this work states that ; 

: eight stoi's marked in the catalogue of Ptolemy could not then be found in the heavens. I 
I This may have arisen simply from a mistaken entry in the first instance ; but, if a case of 
I real disapiwarance, it is far from ladug the only one, though a profound mystery, 
j Arabian cultivation attained its meridian splendour in Spain at a period when the rest 
I of Eurojie was plunged in darkness. Through intercourse with the Moors of that country, | 
i some gleams of light gradually radiated through tlie Continent ; and undoubtedly they are 
to be reganled as having tnuismitted the torch of civilisation from antiquity to m^ern 
ages. Among the first fruits of their influence, the construction of the Alphonsine tables 
‘ may be placed, a work of the king of Castile of that name, chiefly confined to a more 
accurate determination of the motions of the sun and planets, and the length of the year, ' 

I the materials for which were derived from his Mahomroedan neighbours to the south. 
There is little to detain us of any interest or importanee in relation to astronomy, at this 
era, in countries when? it has now arrived at such marvellous perfeetion. Observers 
aliounded in the middle ages ; but their midnight watchings of the great canopy of heaven 
had very generally only an astrological purpose in view. Sjieculatists were numerous 
resfHTting the mi»chani8m of tlie universe ; but blindly adhering to the doetrines of the 
eartlfs immobility, and of the uniform and circular motions of the celestial lights, they ! 
lalKiuml hnnl, but in vain, to adjust obsi»rved phenomena with preconceived thcoiyr. The ; 

I Aristotelian notion of the spheres was revived in all its grossness, and huge materialities : 

! were conoeivtHi to constitute the eternal patlis of the bodies composing the solar system, i 
I necessary to the end of keeping them in place. To account for all the celestial move- | 
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! meats, several of these solid spheres were required to be iu atti'iidaiice upon tlu' S 4 uiic 
I bod/, and to be of various structure ; and they were multiplied and shaped, until u 
I s/stem was imagined which it fairly baffled the inventors to coniprtdiend. 'J'he reinnrk 
I of the Castilian monarch respecting this intricate and cumbrous un lii lecture wtts not 
• without some justification, though breathing an irreverent spirit: “ Hud the Deity,” 
i said he, ** consulted me at the creation of the universe, 1 could have given him some 
I good advice.” 

i The presumptive evidence against the truth of the Ptolemuic theory is lulinirubly, 
though not professedly, expressed by Milton, in the representation of Adam reasoning, 

How Nature, wi^e and frugal, cuuld cuininit 
Such diHpropurtiuiis, 

' as the supposition of the revolution of the firmament round tin* (‘arlh involves. It must tlnni 
travel, os he argues, “spaces incompndiensible,” the “ swift return diurnal ” implying a swift- 
ness not to be described or imagined ; and when the phenomena of the eelestial appearanees 
are accounted for, and day and night jirodueed, by the simpler rotation of tin* earth upon its 
, axis, and its translation in space, the pre8tim])tion is strong, that “ Natun^ wise and frugal,” 
would never “commit such disproportions,” as the theory of terrestrial repose and firma- 
mental movement supposes. Hut it is difficult for the mind to disengage itsedf from tla* 
force of a universal opinion, especially when it is sanctiom^d by a venerable antitinity ; and 
hence, it was not until some time after the era of ('openiicus, and m»t until after ninny a 
battle in b<‘httlf of the faith of past ages, that his system, beautiful for its simplieity, and 
now demonstratively proved to be correct in its leading features, re<*eiv<*d the credence o< 
mankind. It was reserved for this great man, born on the banks of tlu* Vistula, to 
deviate from the path of hia predecessors, to r<uiounee allegianee to the speculative physics 
of Aristotle, and to point the way, though with a euutious footstep, to the true* system of 
the universe ; a labour which occupied upwards of thirty years of his life, one of tlie 
most glorious achievements that has markwl the page of human history. He it was who 
revolutionised for ever the face of astronomical 8ei<*iiee, and in tlu^ magnille-ent language 
of one of his immediate followers, “ coramunded the sun to stand still, moved the earth 
from its foundations, stopped the revolution of the firmament, ami subverted the whc»le 
ancient order of the universe.” 

Nicholas Copernicus, or Zei’ERnic, was bom at Thorn, near the j)laee wh(*n* tlu; Vistula 
crosses the Polish frontier, some time in the years 1472 or 147d. He was educated with 
an eye to his father’s profession, that of niedieiiie, hut was hu)>|>ily diverted from it hy 
accidentally hearing a course of lectures, which insjiircd him witli a passion for astro- 
nomy. He was at Bologna in Italy in 1497, studying the seienec^ under Dominii* Maria, 
and settled for a time at Ii<nne as a teacher of matheiiiutics, where Iuj established a 
ooDsiderable reputation, Ilis undo, who was a dignified e<*( lesiasti<*, bishop of Krmeliuul, 
Upon a vacancy occurring in the canonry of his eathe<lral church of Kruu<*fihiirg, aj)fM)iii(cd 
Copernicus to the place in the chapter, who hud previously taken ord«'rs probably in Italy. 
Here he passed the remainder of his <lays, diviili/ig his time between Jiis i-eeh siastieal 
duties, the gratuitous practice of medicine among the poor, and uHtroiiomieal rewrarehcH. 

> He went but little into company, seldom converf*e<l execjit on serious and scientific topics, 

' was mild and gentle in hi.s manners, and steadfast in his friemdships. Irauenburg is a 
sirmll town on the coast, not far from the junction of the Vistula wifli the sea. riiere, 
in a house situated on the brow of a mountain, overlooking the waters of the Gulf of 
I Dantzic, he pursued his enquiries into the economy of the universe in pe4icc?ful seclusion, 
confident that he was doing a great work for posterity to af»preeiate. His mind was 
profoundly impressed with the idea that simplicity characterises the arrangements of 
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nature ; and, struck with the want of this in received hypotheses, he seems to have come 
to the conclusion that such scemes oi* complexity could not be true representations of the 
heavens. It does not uf>pear when his ow'n views l>ccamc settled ; but in the year 1530, 
the manuscrifit of his work “ On the Kevolutions of the Heavenly Bodies w as finished.” In 
this production he disclosed his system : the Earth, a planet revolving rouRd the Sun 
in an orbit lH;tw<jen A^*nuH and Mars; its rotation upon its axis producing the apparent 
diurnal procession of the heavens ; the complicated movements of the planets being the 
consequence of their own motions in space, combined with that of the Earth. It is diffi- 
cult to appreciate fully the freedom of spirit and independence of thought displayed in 
thus rising supcTior to the prejudices of centuries, now that the truth of the system has 
been long setthid ; neither is it easy to conceive the delight and awe which must have 
filled the mind of its uutlior, when, aftiT years of patient and intense ai>plication, he was 
permitted to ga/c upon the mechanism of the heavens unveiled, in its simplicity and 
grandeur, from his mountain home at Frauenburg. 

The prudence of the great discoverer in propounding his views is no less admirable than 
his sagacity in seizing hold of them. Aware of the obstinacy with which human nature 
clings to its early imbibed opinions, he was careful not to roust* hostility by an abrupt 
dogmatic attack ujhjii the ancient theory. He communicated privately with his friends; 
Ueinhold ami IilH‘ticus, astronomers; S(!homb<*rg, a cardinal ; and (iyse, a bishop. With 
these parties his views found accei»tance. They were discussed in their respective circles, 
and obtained a numlier of converts ; not, however, without op^msition, for Copernicus was 
satirised ujkiii the stage at Klburg. His work, e<»mpl(*t<Hl in lo3(), was still in manuscript 
in 1540, notwithstanding rejanited efforts to induci* him to juiblish it. An arrangement 
at length was made, during the latter year, for Uheticus to f urnish an account of the manu- 
script volume; and, that being favtmrably n*ceived, C\4M*rnicus consented to the appearance 
of his own producti(»n. It was committ<*<l into the hands of Hheticus ; Andrew Osiander 
of Nuremlwrg su|M‘rintende(l the printing, and C'urdinal Schoniberg lK)re the expense. 
But the illustrious author did net live to read his work in print. A copy was handed to 
liiin as he lay, a paralytic, upon his bed. He .saw it, he touched it, and in a few hours 
afterwards expired. May 23. 1543. The cathedral of Frauenburg received his ashes 
without pomp i*r epitaph, except that upon his tombstone some spheres were cut in relief. 
I'hc great squan* of Warsaw has a statue in hommr of his memory ; and the civilised 
world holds his name in reverence, as one whos<* genius dissipated the illusions of the 
senw's, and disetn-ered the true astronomy. C’opernicus is descrilH‘d as a man of ruddy 
complexion and light hair. A portrait, painted by himself, a half-length, came into the 
hands of Tycho Brahe, who made it the subject of an epigram to the effect that the whole 
cuiih w'ould not ctmtain the whole of the man who whirled the earth itself in ether. 

The scheme of t'opernicus was presented to the world in the form of hypothesis. 
It could not Iw bnaichiHl in any other manner, for not until the discovery of the aberra- 
tion of the stars by Bradley, and the determination of the diminution of gravity at the 
I'quntor by Bichter, w^as demonstratimi given to the dwtrine of the earth’s rotation and 
translation in space. “ Astnmoiners’* he remarks, in the dedication of his work to 
I’aul III., “being |H‘rmitted to imagine circles to explain the motions of the stars, I 
thought myself equally entitled to examine if the supposition of the motion of the earth 
would render the theory of these np{>earance8 more exact and simple.” But, though the 
resolving the apparent diurnal revolution of the sphere into the actual diurnal motion of the 
glolie in an opposite direction was a pure h\q>othesis, yet have so many examples of a 
real movement on our part priHlucing an apparent antagonistic motion in other bodies, as 
when we sail along a river or travel on a railway, while there is something so manifestly 
absurd in sup]x>sing the daily revolution of the hrmainent, that, even if no demonstration 
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could now be offere<l in proof of the Co|>eriiican ihK'trino, there is mi uir of truth uIhuiI it 
Butiicient to command the assent of a thoughtful mind. 1‘roceiHlinj; upon the ussuuipiion, 
which was universally admitted, that the earth is a mere point when emnpared with the 
distance of tlie fixed stars, he very naturally remarked upon the improbability of sueh u 
vast circumference revolving in twenty-four hmir.s instead of the iiifinitesimal jK>int by 
which the w’hole phenomena would be equally as Avell cxplaitu'd. It had been urpul in 
support of the etirth’s immobility, tlmt, it it revolved on its axis, objtrls on its surface 
w'ould be scattered and dispersed in space by the extreme rapidity of the motion (»ver- 
coming the force of gravity. He did not see the true reply to this that such elVeets 
w'ould not take jilace unless the velocity of n»tntioii was greater than the force «»f gravity, 
which was an arbitrary assunqition, hut still he reasonably turm*<l the urguincnt against 
the objector by observing that the diurnal revcdution of the sphere of the univ(‘rse would 
be far more likely to dt‘range tlie situations of the h(*avenly bodies, and ])nKliUM^ tlieir 
displacement. “SVliy, then,” he excdaims “do \v(‘ lu'sitate to give to the. earth the 
mobility suitable to its form, rather limn that the universe, whose bounds we d(» not and 
cannot know, slionld revolve? Why should we not confess that the diurnal n‘volntion is 
u])parent only in the lieavens, and real in the earth ? Thus vKimas, in V’irgil, e\eiaiins, 

* Provfliiiiiur |n>rtii, tcrwqiu*, ririMliint.’ 

Since, wdiib* the ship glides triiiH|nilly along, all extt‘rnul ohjeets appimr to the sailors to 
move in projM)rtioii ns tlndr vessel iiu»ves, and they uhme, and what is with them, seimi to 
be at rest.” 

The other conditions of the problem of the celestial niothms, tin* sun’s path in the 
ecliptic, are us exu<*tly answered l>y the supp(»sition of the earth’s orbital niotimi. '1 
annual revolution of the earth round the sun causes tin* apparent annual revolution ol 
the sun round the earth ; and when we consider the vast magnitude ot the solar (►rb, and 
the enormous waste of force implied in moving the greater body around tin? less, wlirii 
precisely the same effects are jiroduceublc- by moving the less about tlui greati’r, onr 
common sense is at (uiee enlisted in favour of the latter liypotliesis as Jsatun'H “ wise, and 
frugal” plan. Tlie apparent eccentricities of the planets likewise, tlicir din‘et ami 
grade movements, that mysterious puz/le which called the epieyeh^s of the I’toleniuisls 
into existence, are explained upon their own principle of two combined motions : an 
observer on the earth in ceaseless translation sees them performing a similar orbital 
course, and apparent irregularity ami iiivoIuti<m are the eonHeijuences of the ('otnliim d 
prosecution of direct and regular paths. Suppose 8 the sun, a « o i> part <»f the earth h 

orbit in the direction of the arrow, adch part f»t the orbit 
(»f a superior planet, and M N an arc of the celestial sphere. 
When ihv earth is at A, and the planet at ri, a terrestrial 
spectator will s<Hi it projectfsl to a place in the hcttvens at 
E. The angular motion of a sujicrior planet being less 
rapid than that of an inferior, when the earth is at w the 
planet may lie supposed to be at </, and its pliu'c w'ill he 
projected in the heavens at f, thus apparently retnigrud- 
iiig in the sphere from E t<i f, while accomplishing 
the direct movement from a to d. 'Ihe next movement 
of the earth, n c, and of the planet, d r, w'ill produce a 
further retrognulation of the latter in the heavens from f to « ; but, when the earth has 
arrived at i), and the planet at h, the retrocession of the [danet ivill apfMJar to have ceased, 
and the direct movement, o n, to have taken place. As Imth the earth and the planet 
proceed in their orbits, the planet will appear stationary among the fixed stars, then to 
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pursue a direct course, and aften^^ards to retrograde again. As an hypothesis, therefore, 
the Copcmican theory had strong presumptive evidence in its favour, accounting for the 
celestial movements, and being in beautiful congruity with Nature’s frugal and simple 
plan of general operation. Still presumptive evidence is not positive proof, nor could 
the truth of the theory at that time be demonstrated. It detracts not from the glory of 
its author, that to otliers th(! merit belongs of establishing his leading views as a real 
expression of the phenomena of the universe. He had not the instruments by which alone 
this could be done. He seems to have entertained a noble confidence that he had con- 
ceiv<jd the true system, and that future discoveries would remove the mechanical difficulties 
then in its way, and a more enlarged observation of physical facts place it upon the basis 
of incontrovertible evidence, — a confidence which has been amply justified. 

The sixteenth centuiy, rendered me- 
morable at its commencement by the 
foundation being laid of true views re- 
sjiecting the constitution of the uni- 
verse, was distinguished at its close 
by the laliours of Tycho Braih^ a 
Dane, born at Knudsthorp, near the 
Baltic, three years after Copernicus 
terminated liis career. His attention 
was called to astronomy by a great 
eclipse of the sun, August 21. 1560, 
when quite a child. Upon l>eing sent 
to the university for his education, he 
was accustomed to watch the constel- 
lations while his tutor slept. Of noble 
extraction, and strongly influenced 
himself by prevailing aristocratic pr<*judices, he at length conquered the pride of his 
order, devoted himself to public usefulness in the particular department to which his 
natural genius was inclined, became a student, an author, an astronomical lecturer, and 
finally completed his offences against the pride of life by marrying a plebeian. This 
last step, probably, reiuh-rtMl exile desirable, in order to escafHJ from the slights of his 
relatives. He found a welcome reception at the court of the Landgrave William of 
llesse-Casscl, a prince who was himself an ardent student of astronomy, of whom it is 
related that, while observing the brilliant new star of 1572, 
his servants ran to tell him that the house ivus on fire : but 
he quietly pursued his tusk te its completion. The fame of 
Tycho has Wn ohscurtMl by his r(‘je<-tion of the Coi)crnican 
doctrine, and the construction of a system of his own, combin- 
ing the elements of the l*tolcmaic luid Copemiwin theories. 

He maintained the earth to In? the immoveable centre of the 
universe, but supposcMl the planets to revolve round the sun, 
and to be carried with their ci*ntre in revolution round the 
earth. * 

The adoption of this hypothesis has been usually deemed 
discreditable to Tycho ; but it will be only fair to recollect 
that the Copemican theory was, in his day, quite incapable of proof. He argued, against 
the diurnal motion of the earth, that, upon that assumption a stone dropped from the 
summit of a high tower would not fall at the base, as we see it does, because the velocity 
of rotation would carry the tower several hundred feet during the descent of the atone. 
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which would, tlierefore, fall at that distance behind it. This urfr, uncut was employed by 
Ptolemy, who stated that, if the earth revolvetl with grcuit rapidity from west to east, it 
would leave behind it the clouds, birds flying in the air, and, generally, all objects bur. 
I pend^ in the atmosphere. The answer to this is, that a falling b<Hly will partake of a 
, rectilinc^ and circular motion ; the former tending to the wntre of gravity, the latlt r 
proceeding in the direction of the cirtminfcrence d(*scrilH'd by the point from which it 
falls. Gassendi tried experiments in the harbour of Marseilles, and proved, what every 
one now knows, that a stone dropped from the mast of a vessel in full sail will partake 
of the advance of the mast, and tall at its foot, as though the vessel were at r(*st. It 
mav also be proved, that a stone falling from u considerable elevation, so far from 
being left behind during its dest*ent, will fall in advance of the base of the periHMi- 
dicular, upon the theory of the earth’s rotation. J^;t the circh; E be the (H]uatorial 
I circumference of the earth, the line t a tower pcjrpondicular to c the centre, and the 
j circle M will then be the circumlerence described by the summit of the tower s, in the 
course of one rotation of the earth upon its axis. If wc suppose the 
base of the tower, A, to pass to c, the summit, will, in the same 
time, pass to a, and, this being tlie larger are, it folhiws that the sum- 
mit must travel faster than the base. Assuming, then, the earth’s 
rotation eastward, a stoiuf dropped from tin* summit will leave it with ** 
its momentum, and w ill move faster eastward, through the wliole of 
its deseent, than the base. The result will Ih», that it will deviate 
from the plumb-line, ami reach the ground a little to the cast of r, 
the foot of the pcrp<‘ndicular. Experiment has confirmed the accuracy of this reason- 
ing, though obviously a very diflicult mutter to lest, owing to the comparatively small 
height of buildings suitable to the purpose. Newton first threw out the itlea, and eal- 
eulated that a ball would deviate about half an inch from tlie plumb-line, to the east, fnun 
the height of three hundred feet. Thirty halls deseended from thc^ height (»f two liiindrctl 
and thirty-five feet, in St. Michaers tower Hamburg, and deviated from th(i perpendicu- 
lar four lines eastward, swerving also one line and a Imlf southward, owing probably 
to a current of air in the tower. The experiment was, thcrtdnre, repeated in a eoal-pil, 
in the county of Mark, two hundred and sixty feet deep. 'J’here the hulls fell five lines 
eastward of the perjicndicular, but neither northward nor southward, so that the thc*ory of 
the earth’s motion on ito axis may now be said to have received a eomph'Ui and wmwihle 
confirmation. 

The reason which led Tycho to reject the doctrine of the (earth’s orbital motion was 
of great force in his time. SupfMjsing tlic <*artli to revolve round the sun, two points <»f‘ 
the orbit will be distant from each other by the whole diaim-ter of the orbit; yi*t linos 
drawn from tliosc ju/mts to the nearest fixed star discovered no appreeiable angle, or 
annual parallax. It is sufficient to reply now, that the distance of the stars is so great as 
to render insensible the diameter of the earth’s orbit; but, previously to tJie. invention of the 
telescope, this answer could not be deemed so satisfactory. To the naked eye the stars of 
the first magnitude presiint a diameter equal to two minutes of spaeii. I’ln* teIese<ijK! bos 
sliown this to be an optical delusion, that no star has an apparent diameter of‘ a st'cond. 
But Tycho, knowing that if the earth moved, its change of place from one extremity of 
the diameter of its orbit to another produced no sensible alteration in the place of the 
stars, so that they must be at an enormous distance, and yet maing tliem prc«mt a dia- 
meter to the eye varying from a quarter to as much os two minuD's, had little option but 
to assign a magnitude utterly inconceivable to the nearest fixed star, or reject the theory 
of the earth’s motion in space. lie chose the latter alternative; and, though undoubtedly 
it would have been a wiser course to have paused lieforc corning to such a conclusion. 




24 


HISTOUY OF Ai^TItONOMICAL DISCOVEUY. 






-A-, 







‘.t*- 


which the Copcrnican system as then developed might well have justified when viewed as 
a whole, we are not warranted in inter[»reting his rejection of it much to his disparage- 
ment. 

The career of Tyclio is far more satisfactory as a practical astronomer than as a 

theorist; indeed, few men have done so 
much for the advance of the science, or are 
more worthy of praise for the amount of toil 
they have undergone, and the success of 
their labours. In the year 1572, the re- 
markable event of a stellar apparition at- 
tracted the attention of Europe, and (?xcited 
universal astonishment and speculation. It 
was early in November, when Tycho, who 
then r<*sided at his paternal liorne, observed 
a star of great splendour in the const(dla- 
tion Cassiopeia, which he had never seen 
: befiire, as he. was walking across tlie fields 
about ten oclock in the evening. It beam(*d 
with a lustre quite unwonted in that part of 
th(* heavens. It could not have escaj)ed his 
;| <ibservation had it j>reviously been there. 
He suspected at first an optical illusion oc- 
casion<*d by some defect ol’ his own vision, 
but found a grouj) (d’ peasants gazing upon 
it with as much astonishment as hin»se1f. Its 
place he at once fixed by his instruments, 
and noted the fact with all its circumstances 
in his journal. Soon afterwards, wdicui at 
Copenhagen, he fouml that the scientific men of tin* university had not observed the 
stranger, and excited some derision at a convivial party by nnuitioning the phenomenon, 
which, however, he s(Km turned into surprise* b^ pointing out the star. One of his works 
is devoted t<) thi.s object. The same star was observe<l by Corn(*lius G(*mnm, who had par- 
ticularly examined tlmt part t»f the heav<*ns two nights previous, and was confident of its 
not being present then. It continued visibh* for the space of sixteen months, gradually 
diminishing in lustre, until it finally vani.shed in March 1574. The brilliance of this 
star was so great as at first to cause Tycho’s staff to deflect a shadow. Its light changed 
frt)m white when the brightest to a yellowish hue, and afterwards had a fiery tinge like 
Mars, bt^coming livid like Saturn lH‘ron‘ its disappearance. During the whole time of its 
visibility, its place in the heavens remained unaltered ; it had no annual pamllax, conse- 
quently its ItH'ality was far beyoml the iMuinds of our system, at a remote distance in the 
region of the fixcnl stars. The af>peamnce of a new star had lH‘en ob.sen'ed in Euro{)e 
alK)ut three t'entiirit*s previous, and .such occurrences are mentioned by the ancients ; but 
this taking place in a comparatively enlightened age naturally excited serious observation 
and inquiry. The idea of the Danish astnmomer, never happy in his i)hilosophical spe- 
culations, was not very fortunate. He suppostnl that it was produced by a condensation 
of the matter collected in the Via Lactea, in w’hich it was situated. 

The ap|H*anmce of a comet in 1577 was industriously watched by Tycho, and be was 
led to some iuqmrtant conclusions. Unable to detect any sensible parallax, it became 
obvious that these Inxlies move at a remote distance from the earth, and were not, accord- 
ing to the ct>mmon opinion of the times, sublunary objects ; and observing the spheres of 
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the planets cut by them in every direction, the inference vvns clear that the planetary 
spheres had no matenal existence. It may seem idle now to notice so ahsurd a noti,.',, 
as that of the p anels moving in solid tr«ns,Mirent .spheres, but it wtis not so tl.eu : and 
even Newton deemed i1 necesttary to argue against the monstrous doctrine in the 
Pnncipia. Ihe labours of Tycho were also directed towards forming a catalogue of the 
star^ and he determined the relative and absolute positions of 777, a work inferior as to 
numbers to preceding catalogues, hut vastly superior on account of its scrupulous exact- 
ness. He amassed, likewise, a regular scries of observations on the i.limets, which after- 
ward^ in the hands of Kcpplcr, materially contributed to the framing of his famous laws, 
lo him, also, we owe the discovery of that ima]uality of the moon called the variation, 
t lat of the inequalities of the motion of the node's, and of the inclination of tiu* lunar 
orbit ; and by a comparison of his own observations with previous ones, he was tlm first 
to announce the slow diminution of the obliquity of the ecliptic, which the tlicory of uni- 
versal gravitation now teaches, while he commenced the systematic application to the 
observed altitudes of the sun, iiUKin, and stars, of the correction n'ljuired for the refraction 
of light. In practical astronomy the refraction of the atmosphere is an im|K)rtant ide- 
ment, for, owing to it, all the heavenly bodies appear to ns considerably higher than tli(*y 
really are. Let a h, a b, a b, a b, b<» strata, or Inyi'rs of the atmosphere, increasing in 
density towards m n, the surface of the earth. A ray of light from the star s, impinging 
on the atmosphere, will he n'frai'tod, or bent, so as to move 

# iii the curve r r r A ; and as an object is s<‘<*n in the direc- 
' tion of the ray that meets the eye, the' star which is actually 
at 8, will seem, to a spectator at A, to he in the ilirectioii c. 
This refraction, which alway.s acts in a vcrti<*nl direction. 
— ^ elevates objects above tlu'ir real jilnce, and hence a body at 
1), below the horizon no, will lx; raised and seen as if at o. 
Ptolemy, as has been already noticed, was acquainted with 
the refraction of the atniosjiln're, and mentions it in a trea- 
tise on optics, but ns it is not alludeil to in his nstronomieal work, it is presumed that In^ 
bad not then discoverifd it, and made no practical use of* it in observation. 1’he Arab 
astronomers, likewise, were aware of the fact through him, hut to 'J’y<rho Hrahe the 
honour belongs of calculating its effects, correcting altitudes by them in a systematic 
manner, and forming the first table of refractions. lie (estimated its amount at 114' with 
reference to bodies in the horizon, which is nearly correct, but erroneously supposed that 
it did not exist at elevations gn*afer than forty-five degrees. This w'as owing U) the 
effects of refraction above that altitude being insensible to lii.s instruments. 

The urgent recommendation of Tyelio to liis own sovereign by the. Landgrave William, 
induced the King of Denmark to offer him an asylum in his own country, and an annual 
provision for the prosecution of his scientific pursuits. Embracing the offer, be received u 
grant of the small island of Hoene in the Baltic, opposite LundscTono, and an unnmd allow- 
ance of two thousand dollars, with the proceeds of a fief in Norw’ay, and a canonry in tin; 
church. Here he laid the foundation of a house for himself and an observatory, which 
ultimately grew into a fantastic castle, resembling rather the alKxlc of an (lastcrii magician 
than the home of a sober astronomer. Uraniberg, or the castle of the heavens, expressed 


the large views, feudal spirit, and undisciplined mind of its architect and tenant. Ife 
was an admirable observer, had high thoughts of the. dignity of his possession, never 
forgot his own nobility, was abundantly superstitious likewise*, and unskilful at system- 
atising. Tlieae are cliaracteristics plainly stamped upon the edifice which he constructed. 
Its front elevation, shown in the vignette, extended sixty feet in h.'iigth, and seventy-five in 
height. It was surrounded by a wall twenty-two feet high, in the form of a square, ca<!h 
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side of wbich was three hundred feet, and had in the middle stately gateways, with resi- 
dencies for servants. The instruments of the observatory were upon a corresponding 



i srnlc. A celestial globe, upon which Tycho lixed the positions of the stars he catalogued, 
I stood upon a pedestal five leet high, the diameter of tlie ball being no less than six. His 
whole apparatus is supposed to liave cost upwards of two hundred thousand crowns. 
Here, in his castle, in the severe climate of the Baltic, for twenty-one years, he resided, 
olwerved and wassailed, a favourite poodle being the constant companion of his studies. 
Abroad, his fame extended fur and wide. Kings visited his sanctuary. Our James I. 
spent eight days beneath liis roof upon going to Denmark to attend his bride. Misfor- 
tune, however, came soon after the death of his royal patron, and outward glory departed 
from Tycho. The envy of the nobles fomented dislike to the celebrated astronomer in 
the mind of the successor to the throne, and a personal scjuabble with the minister, wdio 
struck his poodle, le<l to his being deprived of his appointments, and removal from the 
island. He finally quitted bis eountry, but Uraniberg had obtained a firm hold upon his 
affections, and separatiiui from it took away the charm from life. After various wander- 
ings, he settled at Prague under the patronage of the emperor Kudolph. There he died 
in the first year of the seventeenth century, leaving a name second to none in point of 
pure observation. Iloene was ceded to the Swedes fifty-seven years after Tycho’s death — 
the castle of the heavens wa.s totally demolished — its site became a green field, and even 
that has been blott(»d from remembrance. 

However bitter and disastrous to liimself the exile of Tycho from his northern home, it 
was fortunate for science that it took place, as it threw into his way the enthusiastic and | 
indefatigable Keppler, the very man in his maturity to seize hold of his materials, and ( 
draw a philosophical deduction from them. The Danish astronomer, who had previously 
seen one of his works, invited him to become his assistant at Prague. He appreciated his i 
genius, hospitably supplied the wants of his poverty, taught liim the habit of rigid inves- | 
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dgation, and left him the legacy of his own observations at his decease. John Kkppi.ek, 
bera at Wiel, in the duchy of Wirtemberg, in 1571, was educated for the church, and 
entered upon an ecclesiastical office, but withdrew from the science of theology to that of 
mathematics and astronomy, and occupied the chair of the latter at Gratz in 1594. llis 
native lively imagination and fiery impetuosity led him to plunge headlong, at first, into 
the regions of speculation ; but Tycho’s advice, ** to lay a solid foundation for his views 


by actual observation, and then, by ascending from these, to strive to reach the causes of 
things,” — advice expressing the principle of inductive philosophy, — drew him away from 
pursuing the vain phantoms of fancy to conform his mind to the results of calculation and 
experience. His first reward was the discovery of the elliptical orbits of the planets. 
The Copernican system had respected the ancient reverence for the circle as the only 
path proper for celestial bodies to describe. An opposition of Mars, whose path is one of 
the most eccentric in the planetary system, led Keppler to study his motions, and among 
the papers of Tycho, then deceased, he found a large number of observations u[>on tliis 
and the other planets. He began his rescai’ches with his mind fully possessed with the 
idea of circular motion, but he found it utterly imjossible, by any eoneeivablo arrange- 
ment of cycle and epicycle, to represent the known motions ol’ Mars. The discovery 
came at length that the planet’s path was an ellipse, the sun occupying one of the find, 
the two points around which the oval is formed, instead of bedng in the centre. Circum- 
stances forbid us estimating aright the labour involved in this diseovoiy, the difficulties 
that arose in its progress, and the mental conflict they occasioned ; but Kep[)ler dcscriln's 
his battles, defeats, and conquests in the following racy manner; — “ While in this way 
I triumph over the motions of Mars, and form for him, as one completely con(|ucred, the 
prison of tables, and the chains of the equations of the eccentric, intelligence is brought 
me from different places that the victory is all vain, and the war ns fierce as ever ; lor 
the captive enemy has broken through all the bonds of the ecjuutions, and the dungeons 
of the tables . . . And the fugitive would have effected his junction with the rebels, and 
driven me to despair, had 1 not suddenly brought up a new reserve of [jhysical consider- 
ations, the first having been beaten and scattered.” Well might he think, as he tells 
us, of Galatea in the eclogue of Virgil, who, after inviting approach, the nearer she was 
approached was the more petulant in her sportive attempts to escape. 1 he demonstration, 
however, of the orbit of Mars being an ellipse was finally complete, and Keppler ultimately 
established the fact, that all the planets describe ellipses — the first of his great Laws. 

His next discovery was no less remarkable. While the scheme of Copernicus retained 
the ancient idea of the heavenly bodies describing circles, it held also the notion of their 
velocities being uniform. But the mass of facts accumulated by Tycho proved that the 
motions of Mars were not uniform — that the planets move with different velocities in 


different parts of their orbits ; and the inquiring mind of Keppler directed itself to as(!er- 
t ftin the rule which regulated their rate of motion — a bold attempt, but crowned with 
complete success. Let the ellipse re{)resent the orbit of a {)lanet, and s the sun in on(i of 
the foci. A straight line drawn from the planet at a, to the focus, called the rmlius vector, 
and another line drawn from the planet at 5, bound a certain extent of area, and the 
c planet periodically passes from a to 5 in a certain amount of 

time proportioned to the area. For the sake of illustration, the 
time may be rated at a month. If we now draw straight lines 
\ from the planet at c, d, e,/, and g, other areas will be bounded, 
which we may suppose equal to the former, and to each other . 

The planet will then pass from a to 5, from 5 to c, from c to d, 

and so on, in equal times or in a month. But, obviously, while the areas described by 
the radius vector are equal, the actual orbital path of the planet is unequal, and it must 
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travel with greater velocity from a to than through the other parts of its course. 
This is the second of Keppler’s laws, technically expressed by saying that equal areas 
ire described in equal times, to accomplish which the velocity of the planet cannot be 
uniform. Previous observation discovered the want of uniformity ; but Keppler found 
the rule which governed the phenomena, and thus did his master mind bring into 
conformity to law a case of apparent deviation from it. The third of his laws refers to 
the distances of the planets from the sun. His mathematical mind caught the idea 
that these bodies must bear some mysterious relation to each other, and after a long 
and harassing pilgrimage in search of a clue to their affinity — after roaming in the wilds 
of conjecture, and setting the planets to music in imitation of a Pythagorean phantasy 

he groped his way to the perc(;ption of a physical fact, which unfolded before him 

the unity of the solar system. 'J'his was the discovery, that the squares of the periodic 
times of any two planets arc to one another as the cubes of their distances from the sun. 
I lis joy was unbounded at this discovery, as it transpired in an unexpected manner. He 
could hardly persuade himself that he had not been dreaming ; and it may be ranked 
among the most imjiortant and glorious physical truths ever reached by the intelligence 
of mankind. Popularly expressed, the fact arrived at is, that the distances of two planets 
I from the sun being known, and the period or year of one of them, the period of the other 
I may be ascertained by the above simple proportion ; and clearly does this fact involve the 
idea of the bodies to which it applies not being thrown at random into their places — not 
Iteing independent — but members of one great system^ As an example. Mars is about 
four tim(;.s the distance of Mercury from the sun ; his pericKl of revolution is about eight 
times that of the latter; and the cube of four, or sixty four, is equal to the square of eight. 
Such are tlie laws of Keppler. 'J'hey obviously confirm while they correct Copernicus; 
and their author became a zealous Copernican. They served afterwards as a founda- 
tion already prepared for the splendid sujKirstructure of the Kewtonian philosophy. 
They were fram(»d out of materials gathered by lycho. Hoene, in the Baltic, has thus 
played a conspicuous part in the world’s history, looking to the causes of things. The 
castle of the heavens was not built in vain ! 

The phenomenon of a new star was again presented to the gaze of mankind in the year 
1604, tliirty-two years after tlie former appearance. It suddenly shone forth from the 
constellation of St'rpentarius, et>ntiniied visible upw ards of a year, and gradually waned 
in its lustre before its final disappearance. When at the brightest it surpassed the fixed 
stars of the first magnitude and rivalled Venus, changed in colour from a yellow to a 
purple and fiery hue, and presented no sensible parallax. Keppler was one of its 
observers, and adopted the hypothesis that it proceeded from some vast combustion. But 
what these stellar apparitions jiortend is one of the mysteries of the universe. We may 
copjecture — we may tluHirist* — but we cannot know. If they are bodies beyond tele- 
scopic range, that start into temporary visibility under the action of fervent heat, their 
diminishing lustre and ultimate disappearance being the decline and termination of 
mighty conflagrations, ** it is impossible,” says Mrs. Somerville, “ to imagine anything 
more tremendous than a conflagration that could be visible at such a distance.” In 1607 
the comet, allerwards known ns Halley’s, engaged the attention of Keppler, and again in 
1618 he had the opportunity of observing a similar object. It is somewhat remarkable 
that he did not grasp the analogy between the orbits of these bodies and those of the 
planets. He attempted to determine the path of Halley’s on the supposition of its motion 
being rectilinear, conceiving comets to be evanescent bodies, appearing and vanishing for 
ever. But he fulfilled a ministry in the great temple of nature, sufficiently glorious as it 
is, and required not the anticipation of the triumphs of others to give him a hold upon 
tlie admiration of posterity. It is melancholy to reflect, that he lived in misery, owing 
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to the difficulty of obtaining his pension as mathematician to the emperor, through the 
rapacity of the subordinate officers of government, while the profe>s8ional astrologers ol 
the court, who flattered the vanity of the great, were mugniflcently recompenseih Sir 
Henry Wotton, the English ambassador, finding him in difficulties, invited him to this 
country ; but Keppler was too strongly attached to his native land to accept the projHwal. 
He thus refers to it in one of his letters: — “ The fires of civil war are raging in Ger- 
many — they who are opposed to the honour of the empire are getting the upper hand. 
Shall I then cross the sea, whither Wotton invites me? J, a German — a lover of firm 
land — who dread the confinement of an island — who presage its dangers, and must 
drag along with me my little wife and flock of children?” At lust the fatigue and vex- 
ation of a fruitless journey to j»rocure payment of his arnnirs terminated his life at 
Uatisbon, in the year 1630. The spot where he was buried — in tin* churchyard of 
St. Peter’s — cannot now be identified; but a marble monument, consisting of his bust 
and the elli[)se of Mars, the work of prince Charles of Alberg, has since been erected to 
his memory. 

The age of Keppler was the era of Galileo, born at Pisa in 1.'564, whose discoveries made 
a profounder impression upon the imblic mind, and efieeted more lor tin; system of Co- 
])ernicus, than those of his great compeer, because more open to popular conipndieiision, 
though not the fruits of so Iiigh an order of inteliect. The early part of the seventeenth 
cenlwry was distinguished by the construction of an instrument which remhrred objeels 
accessible to human vision in the remoter depths of spn<*e, arid which sprrflily nddinl im- 
portant accessions to the knowledge previously accjuired of the visibh^ heuveiis. A 
journey to Venice on the [)art of Galileo in the year HiOl), the saim! y(*ar in which Keppler 
published his commentary on Mars — the accudental mention of a fact in a conversation 
there — led to the construction of the telescope, to the accurate 8urv(‘y of the. laravcms by 
it, and to the confirmation of those views of the universe which the retired eeeleKiustie of 
Frauenberg had the sagacity to conceive and the boldness to adopt. Having heard that a 
Dutchman had contrived an instrument that magnified distant objects, the circumstance t(Mik 
possession of the mind of Galileo, and its im|K)rtant a)>plication in astronomy was iiiinie- 
diately perceived. He directed his inventive powers to the construction of such an instru- 
ment for himself, and ultimately succeeded in perfecting a teh*scope whi(di, in his own 
words, could “show things almost a thousand times largcT, and alK>ve thirty timers nearer, 
to the naked eye.” On examining the moon, he at once discovered its analogy with the 
earth, and detected the fallacy of the Aristotelian physics, wliich regarded all the celestial 
bodies as perfectly round, stdf-lumincms, and without any terrestrial tarnish. The lunar 
surface exhibited plains and mountain ranges, highlands and glens, with the diversity of 
dark shadows and vivid illumination, which the face of our own globe displays as seen from 
some towering peak, or from the car of the aeronaut. Hut a richer harvest awaited him 
on turning his attention to the planets. Gazing at Jupiter on the night of January 7. 
1610 — a memorable night — he saw three small bright stars eastward of the planet, and 
close to its disk. Subsequent observations revealed a fourth, and ultimately disclosed 
the fact that Jupiter was before him with a retinue of four satellites, which he nuiucMl the 
Medicean stars, from his patrons the Medici. This was a death-blow to that dream of 
pride which the followers of Aristotle had l>ecn indulging for ages ; and one of the chief 
objections advanced by them to the Copernican doctrine was now demoliHlied. The earth, 
as their vain philosophy had taught, could no longer l)e regarded as the most dignified 
body in the universe, having an attendant moon, and, on that grt>uiid, entitled to be the 
centre ; and, equally, she must resign her right to be at rest, for here was a more dignified 
body in motion. This revelation of the telescope was as gall and wormwood to the 
disciples of the ancient creed. They denied, for a time, the existence of the Medicean 
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BtarSf but would not take the instrument in hand to look for themselves. Oh, mj 
I beloved Keppler,^ wrote Galileo^ **how I wish that we could have one long laugh 
together ! ” 

In anagrams, the letters of which, when transposed, make the following sentences, he 
conveyed the result of the telescopic observation of Saturn and Venus: — 

Altiwiimum Planetam tergeminum observari. 

The most distant planet I have observed to be threefold. 

Cynthia; figures a;mulatur mater amorum. 

Venus rivals the moon’s phases. 

The practice was not then obsolete of publishing discoveries in philosophy in an ana- 
gram, which could only be deci[)hcred by the author, or by the party to whom he had 
conveyed the key. This was a relic, now happily extinct, of that pride of science 
prevalent in remote antiquity which disdained the communication of knowledge to the 
mass. The peculiar structure of Saturn, the subject of the first anagram, was only 
imperfectly discernible by the telescope of Galileo. The discovery of the phases of Venus, 
the subjeet of the second, was an important observation. It had been argued that, if the 
planet revolved round the sun, she ought to exhibit phases like the moon, whereas she 
always appears to the naked eye in full-orbed brightness. The argument was just and 
formidable; and Copernicus could only reply to it, as tradition reports, that some 
time or other this resemblance to the moon would be found out. The prediction was 
verified seventy years after his death ; and, by the telescope discovering Venus exhibit- 
ing the various phases of the waxing and the waning moon, the apparent objection 
to his system was converted into a confirmation of it by it being established beyond 
a doubt that the planet revolved round the sun. Another fact which the application of 
the telescope brought to light, illustrating the truth of the Copernican system, was the 
solar spots, their incessant motion, and the consequent rotation of the great luminary, i 
The metaphysics of the schoolmen had taught the quiescence of the earth on account of 
its ponderous mass, but the position was destroyed at once by the sun, a far mightier 
body, being discovered to liave a revolution ujK)n his axis. Galileo was equally as 
successful in overthrowing the mechanical objections advanced against the doctrine of 
the cartlfs rotation, which supposed that the ground would pass away from beneath 
stones in the air and birds upon the wing. He showed that the atmosphere of the globe, 
and all bodies in it, will participate in the common motion of rotation, and illustrated his 
argument by referring to the clear case of a stone falling from the mast of a vesst^l 
participating in the motion of the ship. 

Galileo undoubtedly contributed more than any man of his age to weaken the hold 
which the natural philosophy of Aristotle had long had of the human mind, and establish 
a conviction in favour of the physical constitution of the universe as now demonstrated, 
though in early life he reganled the Copernican theory as a “ solemn folly.” But just in 
proportion to his success he became an object of malevolence to those whose pride would 
not submit to abandon opinions once embraced, however false, or whose ignorance could 
not appreciate the evidence of their falsity. The career of the Tuscan artist, as Milton 
cidls iiim, turning to the moon his optic glass, 

At evening from the top of Fesole, 

Or in Valdamo. to descry new landa. 

Rivers, or niounUins, in her spotty globe, 

was a splendid one, but its close was overcast with clouds and shadows. The authorities 
of the papal church were roused to treat his scientific demonstrations as heretical — to 
visit the illustrious observer with an ecclesiastical process on account of his opinions — 
and he had the mental and moral weakness to abjure what he knew to be true. Who 
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can think of his mock recantation of the doctrines of the earth V nxical and orbital motion 
without feelings of deep shame and regret? — an old man, at the age of seventy, on 
his knees, with his riglit hand resting on the Gospels, renouncing opinions of tlio trutli of 
which he had not the slightest doubt, and ecclesiastical authority exacting the sacriliee 
with the temporal sword. But in judging of the actions of men we should always take 
into account the circumstances of temptation in which they have been placed, the general 
current of opinion in their day, and a due sense of human iidirmity. Such was the state 
of public feeling in Italy, that it is more than probable that Galileo regarded the service 
imposed upon him as a church ceremony, through which, as a son of the church, he was 
bound to go, without being responsible for its demerits. The sorrows that accompanied 
his descent to the grave, the indomitable energy which he displayed under them, 
together with his achievements, may be accepted as a reason for moderating censure 
upon his one failure in the time of trial. He lost his favourite daughter, Maria, in his 
old age — the charm and comfort of his life. The sight he had so well employed failed 
him, and he became totally blind. In sickness, his petition to rej>air to Florence for 
medical assistance was denied. He afterwards lost his hearing ; but his intellectual 
powers remained strong and active until his death in 1542, wanting a year to the birth 
of Newton, and to the lapse of a century from the death of C\>p(rnicus. Galileo was lax 
in his morals, like the rest of his countrymen, fond f)f so(dt*ty, of cheerful spirit, and 
highly popular manners. lie was strongly attached to a cotintry lifc^ attended to agri- 
culture, and spent much of his leisure among his vines. But f(»r years lie was a martyr 
to acute lM)dily pain. His house is still standing at Arc(‘tri, alK»ut a mile from Florence*, 
near St. Matthew’s convent. His last surviving i>upil, Viviuni, became a fellow of our 
Iloyal Society, and lived to enter tlie eighteenth c(*ntury. 

The remains of Galileo wer<i iiit(UTed in unconsecruted ground in the front of tin* noble 
church of Santa Croce in Florence. They have since been nunoved into the interior of 
the building, and laid in the centre aisle. His monuimmt stands oj>posite the tombs of 
Dante, Alfieri, and Michael Angelo, ami consists ol a bust, said to be a p(>rtrnit. A finger 
stolen from the coflin w hen the body was rcmov(‘d is now in the Laurentian Library, 
enclosed in a glass case, and placed in considerable state upon a p(*,dc!Stal. Galileo is thus 
apostrophised by the late American Minister in this country (Mr. Kverett), in some lines 
written alter visiting Santa Croce ; — 

Aiul tlum, illustrious sage ! thine eye is clos’d, 
i To which their secret paths new stars expos’d. 

I Haply thy spirit in stuiic hijj;her sphere 

Soars with the motions which it measur’d here. 

Dost thou, wliose keen perception pierc’d the cause 
Which gives the pendulum its mystic laws. 

Now trace each orh with telese«»pic eyes. 

And solve the eternal chwk-work of the skies ? 

While thy worn frame enjoys its long re]>osc, 

And Santa Croce heals Arcctri’s w'(»es.” 

There is no reason to doubt tlic pierfwt sincerity of tlie theologians of (lie ehurch of | 
Rome in their proceedings against Galilee;, and strong mitigating eircumstam-es might be 
cited on their behalf. Tliey believed his seicntific conclusions to he contrary to the sense 
of Scripture, and hence acted under an honest conviction that they eoiihl not bo true. 
Nor were they alone in this opinion, having the authority of all the early fathers on their 
side, and that of many Protestant int.^rpreters. Rut as a Iwok designcsl for popular use, 
the Bible is adapted for popular comprehension ; and lienee its representations are framed 
in wise and benign accommodation to the understanding in ordinary life. The appear- 
ance presented by physical nature to the eye of the observer is expressed, and not the 
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philosophical fact— a style still in vogue, which shows its propriety, for we never speak of 
the globe rotating in common speech, but of the sun rising and setting; and we are guilty 
of no false philosophy in popularly assigning fixidity to the earth, and speaking of its 
repose. Yet, overlooking the plain design and popular style of Scripture — rigidly con- 
struing the latter — the theologians of the fifteenth and sixteenth centuries, in great 
numbers, regarded tlie sacred record as teaching the sun’s daily apparent procession 
through the heavens, and the earth s stability, as physical facts, and hence denounced the 
Copernicans as heretics in religion, and deluded in philosophy. The controversy that 
ensued deserves attention, because, in a precisely similar way in our own times, the Scrip- 
tures have been arrayed against geology. The termination of the former contest should 
have been a monitory example to some modern exponents of holy writ, not to assume 
their expositions to be right and the geologists wrong, but to admit the possibility of 
being fallible interpreters themselves. 

Before the diuith of Galileo the telescope had been adapted to instruments for mea- 
suring angular distance's. A countryman of our ow'n, of the name of Gascoyne, who 
became a soldier in the civil war, and was slain while yet a youth in the battle of 
Marston Moor, is the first person recorded as having applied the telescope to the 
quadrant. This improvement in the art of observing perished with him, and was not 
known again in practicre until a (juartcr of a century afterwards, when it appeared in 
France as a new invention. The same ingenious and unfortunate individual was the first 
constructor of the micrometer, by which the diameters of celestial objects arc taken ; and 
this likewise remained unknown, to be re-discovered at the commencement of the eigh- 
teenth century. Practical astronomy also received one of its most beautiful and important 
ac<iui8ition8 soon after the telescope, in the application of the pendulum to clocks, afibrd- 
ing a more exact method of measuring time. This was followed by the invention of the 
transit instrument, used in determining declination and right ascension, or the distances 
of the stars and any celestial phenjmenon from certain fixed points in the heavens — a 
problem analogous to that v)f terrestrial latitude and longitude. The former was the 
work of Huygens, a Hollander, the latter of Itoemcr, a Dane — two invaluable contributions 
to the furniture of the observatory. But the “ oj)tic glass” of the “ Tuscan artist ” is the 
chief glory of the seventeenth century among mechanical constructions — as the germ of 
those mighty tubes which, at (Greenwich, Dorpat, and IVamatta, now search the profun- 
dities of space — utterly insignificant, indeed, when compared with them, as much so as 
the st?edling to the tree which a thousand years has braved the breeze, yet still the 
germ! A cylinder of lead, a few inches long, with two spectacle-glasses at its extremities, 
one convex, and the other concave — the plaything of a child — was the original tele- 
scope ; yet, even in the day of its feebleness, it was sufiiciently strong to break dowm the 
barrier which had arrested the knowledge of all antiquity, and manifest to the gaze of 
man what had successfully defied his glance for ages — the lunar stej>pes, highlands, and 
ravines — Venus in phase — Jupiter surrounded wdth his servitors — and Saturn’s strange 
and then inexplicable structure. 
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^P^|llj®WiiEUK is no urrat operation of wlii<*]» w<* an* co^rnizant, i»y wliirli Nalurf* 
at a sin;rl«‘ iKUiinl |)(*rf<*(*ts licr mnrvrn»tns productions, ll \n only !»y 
BJPJK? a combination <»f instruments operatinj; generally tliron*:li a series of 
years. Tin* ultimate result is rcaclied by a progressive advance, to wbieb 
^ number of artificers contribute. '^^Hie cedar, on whose laui^lis the 
snow rest.s and the fowls nestle, is the work r»f centurb .s; and tlie soil tkat laps its 
roots, the air that stirs its branebes, the li;;lit that ]>lays tipon its crest, un<l the rain 
that drops upon its bdiajie, minister t(» the final iTevelopnu'iit id’ the orif^inal cone,. 
In like manner, tb<- social and politi< al eban^es that have improved tlie tone of society, 
elevated the condition of nations, and endowed (Iicm with an enduring liberty, have not 
been accomplislied in the twinkling of an eye, or by imlividnnl intcllipener and will. 
Popular history may embalm the name of som<* distinguished patriot or phflanthroprsl, as 
having been the agent in rescuing a country from the yoke of arbifrnry powcT, or 
breaking the bonds of personal slavery, and it may record a crisis of revofntion confined 
within tlie limits of a year or a day ; but a eomjirelKmsivc view af sneb oeerrrrcTices will 
embrace a time of prqiaration, and crown with hnnour a variety of labourers, though to 
one may be due the glory of th(5 sun, and to anotluT the glory of the stars. The signa- 
ture of the edict that dethroned the beatbenism of the nneimit civilised worM oeeujiied 
the imperial hand a moment's spne<*, but the work of apostles, martyrs, and e/mf'ess^irs, with 
the toils and sufferings of ages, are prominent in the picture. So the gnriit demonstra- 
tions and achievements of science have transpired by slow degrees, and yi«-Id n distinction 
to lic divided among a fellowship of kindred spirits, rather than assigned exclusively to a 
solitary example of mental j)row'ess. If Keppler discovered the general laws of the uni- 
verse, the basis of the discovery w^as laid by Tycho; and tlie marvellous Napier contri- 
buted essentially to the issue obtained, by the invention of the logarithms, an admirable 
artifice-, as it lias been justly called, wliich, by reducing to a few days the lalxmr of many 
months, doubles the life of the astronomer, and saves him the errors and disgust con- 


IllSTORY OF ASTRONOMICAL DISCOVERT. 


nected with long calculations. K Newton developed the cause of those laws, he started 
to his grand result from a point expressly prepared by Keppler, and left the solution of 
the problem imfMirfect for Laplace to finish. It is obviously in wise accordance with the 
happiness of mankind, that no nation posscisses a monopoly of talent and fame, that many 
of the most remarkable efforts of human genius owe a debt of obligation to the accom- 
plishments of genius at another era, and in a different clime. The fact proclaims the 
affinity of the specjies, between whom the mighty deep may roll, or the mountain rampart 
rise. It evinces too their mutual dej)endence, and will be hailed as a motive by the con- 
siderate mind, to the maintenance of universal amity. 

I We have sc!<in four of the European nations represented in the advance of astronomical 
science — l^oland by Coj»erni(m.s, Denmark by Tycho, Germany by Kei»pler, and Italy by 
(lalileo. Ilie procession had been joined by Holland, France, and England, before the 
middle of the seventccMth <*critury ; but it will be impracticable to record the labours, or 
even numtion the naiii(\s, of those who were then employed in the investigation of celestial 
pliarioiimm. The firlrrtioii of a few of the most distinguished is imperative. To Heveli us, 
one of the merciiant j)riMces of Ihuitzic, an example of the close alliance of commerce 
with the fine arts and science which runs throufi^h the jjage of history, we owe the first 
accurate delineation of tlie lunar suHiice; the discovery of a libration in longitude; by 
his observation of tlie comet of l(i64, he further corrolMirafed the view previously taken, 
that such bodies are not sublunary, and approximated to the nature of their orbits. His 
eontemp(»rary Huyg(ms, after eff*<!ting various improvcmients in the telescope, discovered 
om^ of tlie satellites of Saturn, that which is now termed the fourth, and obtained an 
insight into the singular structun* (»f the ])lunet, an inexplicable appearance to all pre- 
ceding observers. An anagram, in th<‘ y<Mir Kioti, announced to the world the following 
s(!ntence by a transpositiiui of* letters, annulo cintjitur, tenui, piano, tiusquam cohatrentu, 
ad ecUpticam, incUnntio, — the planet is surroumb'd with a ring, thin, plane, nowhere 
adhering, and inclined to the ecliptic. He justly <d»serves, in a letter to his brother: 

“ If any one shall gravely tell me that I have spirit my time idly in a vain and fruitless 
inquiry, after what I can never beeiune sure of ; the answer is, that at this rate, he would 
[)Ut down all natural philosophy, as far as it concerns itself in searching into the nature 
of things. In such noble and sublime .studies as thcsi*, it is a glory to arrive at proba- 
bility, and the search itself rewards the pains. Hut besides the nobleness and pleasure j 
of the studies, may we not be so bold as to say, they ari^ no small help to the advancement j 
of wisdom and morality The discovery of the great nebula in Orion was accidentally j 
made by Huygens in the year 16o(). Ca.ssini, nurtured in Franee, soon afterwards added ! 
four more satellites to the system of Saturn, those iu)w called the first, second, third, and i 
fifth, and he detected the black list, or dark elliptical line bisecting the surface of the ring, 
and dividing it into two. Astrommiy is under iminense obligations to a measure adopted 
by the courts of France and England at nearly the same period, for the patronage of scien- 
tiiic associations, and the founding (d* national observatorie.s. The Iloyal Society of London 
was incorporated by charter in tlui year l(>(>2, and numbered among its early members 
j Hoyle, Hotike, Wallis, AVard, New’ton, and Flamstend. The Koyal Academy of Sciences 
! at Paris was founded in the year 1G(>(), and enrolled among its first memluTs Auzout, 
Picard, Rolierval, and Kiclier. I'jxm the invitation of Louis XIV. Huygens left Holland 
to become a royal academician, but being a Protestant, the revocation of the edict of 
Nantes ultimately compelled him to return to his native soil. The edict did not effect 
Cassini, a Catholic foreigner similarly invited ; and to him, with his son and grandson, the 
French academy owes much of its early distinction. Besides his before-named discoveries, 
he detennined the i^eriods of rotation of the principal planets, and observed the elliptical 
form of Jupiter’s disc ow’ing to compression at the poles. 



EJU. or NEWTON, HALLEY, AND HEUSCUKL. 


ir, the inventor of the transit instrument with wliieh ho iniulo i»liservati<)nK tVi»m 
the window of liis house, rendered no unimportant service by sliowin*? timt the instru- 
ments need not be fixed on high towers ; ho also discovered, in the year 1 ()7o, the inteiTsiin<; 
and hitherto unsusjHicted fact, ot tlic progressive tninsniissioii of light tlirough spact*, and 
the appreciable velocity witli wliich it travels. This was attained by a series of careful 
observations ol the eclipses of Jupiter s satellites. It was fouinl, by comparing the times 
of immersion ot the satellites in tlie phinet\s shadow and emersion from it, with the times 
calculate«l from the laws of their inoveimmts, that there was 
an acetderution or retardation of the ]>henomena by a lew 
minutes, plainly dejMMulent upon the variations of the earth's 
distance from Jiipitt*r; for tin* retardation was observed to he 
the greatest when the. earth was in that part of its orbit most 
r(‘mot(^ from him. 'Fhe iliameter of tlu^ orbit of the earth 
being a hundred and nimdy millions of miles, we are. more 
remote from flnpiter, by tin? wlnde of that distancr*, at one 
time than at another; as, wlum the (‘urtli is in its orhit at ^/, 
its distance is gn*ater from .i than when at b by the interval 
between tlaj two points. Hut notwithstanding this immense addition of space, or any 
conceivable increase, an eclipse would be observed to occur no later at the one, than 
at the other, if light were pro|«igated instantaneously. lioenn*r I'ound, however, aditfer- 
enee of elev(*n miiuites to exist, wbicli he afterwanls estimated af fourt<*en, but which tin* 
precision of modern astrononty has fixed at sixl<*en tninutes and a tpiarter. 'I’liis deter- 
mines the progressive motion of liglit, and tin* rate of its velocity. It rcipiinM tiiiu' Ibr 
its transmission ; and flying over the diameter of the earth’s orbit in sixteen and a ipmrter 
minutes gives it a velocity of twelve ^nillioiis of miles a minnt(‘, or upwards of a lmmlre<l 
and ninety thousand miles a seeoml. 'riius, in tin* eighth part of a se.etmd, it accom- 
plishes the passage of a sjiaee ecjual io the equatorial eireumferenee of our globe : yet so 
vast is the system to wliieh we lielong, that this swdft-wingcd messmiger, which rerpiires 
no more than two hours to travel from the central sun to th<* farthest phimrt, could 
not dart through tluj intervening solitudes betw'een us and the nearest of the stars 
under a periixl of five years. Notwithstanding the vtdoeily of llie rays of light, which 
travel more than fifteen hundred thousand times faster than u caiinoii Imll, experi- 
ment lias not yet been able to (bdci’t that they have*, any inipulsfVi*. pow< r. Tin? 
surmise lias, however, been thrown out — and it is not improbable — that tin; attri- 
tion of the solar beams with the terrestrial surface may have some connexion w'ilh tin; 
phenomena of heat. 

The national observatory of England — the noblest institution in the world for the 
extent and exactitude of its astronomic^ul tables, and their practical valin' in tin; art of 
navigation — was originated by tlie spread of foreign cominoree. ^I’he growth of oiir colo- 
nies across the Atlantic, togetlicr with tin; establishment of our ndutious with Jridia, ren- 
dered it of the first importun(;e to have an easy and ueeurate method of finding the longi- 
tude at sea. A plan w^as pro[iosed, foumled upon the prineiph; now' in us<‘, oi observing 
the lunar motions and distances iluring a voyage, and (romparing them with a previous 
home calculation, thus ascertaining the difference betw'eiui home time and time at »ca, 
from whence the difference of longitude is readily deduc<;d. A reward being sought by 
the proposer from the govcnimcnt of Charles II., it was referred to u eomniisftion to 
report upon the merits of the scheme. FlaiiLstead, one of the ccanmissioners, ut once 
decided against its practical utility, on the ground of the inui'curaey iKitli of the lunar 
tables and of the positions of the stars in existing catalogues, w liieh only a Icngtheneil 
course of observation could rectify. The king, decluring that his pilots and sailors 
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should not want such assistance, immediately instituted the office of astronomer royal, 
and determined upon founding an observatory. The site — selected by Wren — was 
a commanding eminence in Greenwich Park, in former times the seat of Duke Hum- 
phrey’s tower, within view of all vessels passing along the Thames ; a spot which Piazzi was 
accustomed to call the “paradise” for an observer; being free from a fluctuating atmo- 
spheric refraction which annoyed him in the climate of Sicily. The foundation-stone was 
laid August lOtli, 1676. An original inscription, still existing, states the design of the 
building — the benefit of astronomy and navigation. The observatory has been succes- 
sively under the superintendence of Plarnstead, Halley, Bradley, Bliss, Maskelyne, Pond, 
and Airy, its present head, with assistants for its proper management. It is not a spot 
devoted to star-pnzinf'y and the general observance of celestial phenomena, but essentially a 
place of business, carrying on by day and by night, when the weather permits, those ob- 
servations of the sun, imxni, planets, and principal stars, passing the meridian, from which 
the nautical almanac derives its information. 7'his has been done with admirable regularity 
for a long sfM'ies of years, nor has Europe any data comparable with the Greenwich tables. 
During the interval in which the office of astronomer royal is necessarily vacant, the 

_ business of theobservatory proceeds; and 

that interval is now less than formerly. 
Thirty-three days elapsed between 
Bradley’s last observation and Bliss’s 
first ; fifVy-three between Bliss’s last and 
Maskelyne's first; four between Mas- 
kelyne’s last and Pond’s first ; and two 
bt*tween Pond’s last and Airy’s first. It 
bu# iMjcn asserted by Baron Zach, that, 
if the otlier observatories had never ex- 
^ isted, our astronomical tables would be 
i‘qually perfect ; and Dclambre, when 
<lelivtTing an e/o//e on Maskelyne be- 
fore the Institute of France, remarked, 
that if by some grand revolution in the 
moral or physical world, the whole of 
the monuments of existing science should 
Ih- swept away, leaving only the Green- 
wich obstTvations and some methods of 
computation, it would be possible to re- 
construct from these materials the entire 
etlillee of modern astronomy. 

A f(‘w years ago it was resolved by 
the Ix)rd8 of the Admiralty, that the 
time should be shown at Greenwich once 
in every day of the year. This is done 
by means of a large black bull which surmounts the north-western turret of the ob- 
servatory. The bull, seen down in the vignette, is elevated by raachineiy to the index, 
showing the four cni*dinal points ; and, the instant it begins to descend, marks the mean 
solar time to Im; noon. Being plainly observable from the Thames, the arrangement 
affoixls a convenient opjKirtunity for seamen to n^gulate their clironometers and clocks. 

The fame of Fi.amsteai), the first astronomer royal, does not rest upon any brilliant 
disciivery, but upon an enlightened view of the importance of accurate observation, and 
the unwearied zeal and industiy^ with which be pursued it. A better representation of 
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him cannot be given than by supposing Tycho Brahe in posscssiini of a telesrope, and the 
adaptation of it to other instruments. Laplace calls him “ one of the greatest obsi rvrrs 
that has ever appeared,” and Delainbre remarks, ** his name will Ih> laeriially cited lik<! 
those of Hipparchus and Tycho, both of whom, as an observer, he surpassed.” Born in 
the neighbourhood of Derby, and brought up in limited circinnstainrs in that town, he 
wrought his way to a statiim at the liead of practical astronomy, and (*stablisln‘<l a con> 
tinentul reputation by dint of strong natural genius and univmitting application, in the luce 
of great discouragcjiients. Bad Iicalth was a frcijuent attendant upon liiin all his days. 
The [>atronage of tlie Crown did not screen him from the want of ad(‘(pnite resources, 
while from several of his scientilie contemporaries lu; encountered dislumourahle treat- 
ment. 'J’he salai'y uttiiched to his otliee, tium a hundred a year, was o/’ten in arrears. 
Instruments were promised him by the government, but In* had to lind bis own, eom- 
inencing liis duties in KiTb with an iron sextant of seven feet radius, two clocks, ami a 
quadrant of three feet radius, with two telescopes, which he brought with him from Derby. 
With these instruments he could only measure the relative positions of tlie stars, nini it 
was not until l()8y that lie sueeeeded in eonstrueling at his own cxjiense. a imirul are to 
determine their absolute places. From this juu-iotl, through an inlt rval of thirty years, 
his time was spent in valuable labours, the fruit of which appears in lln^ lorniulion of a 
catalogue of three thousand stars, and a vast collect ion of lunar and planetary observations, 
from which Newton derived inutcriul assislancii in forming his lunar theory. Yet, as if 
some annoyance must follow him to tlu^ grave, upon his death in J7iJ>, lln^ government ot' 
the day uttemjited toeluim his instruments as public property, iM-euuse found in tin* national 
observatory. 'J’he name of Fhimsteud, lost in a great mcuMire to public rceolleetion, or 
only dimly recognised as one of those who, with “ lanq> at midnight lumr 

ill some lu;4li lonely tower, 

■ ■■ -may oil outwateli the IJeur, 

With tliiiee great llerineH" — 

w^as revived a few years ago, and acipiired notoriety at the expense of Newltm and 
Halley s fame. It fell to the lot of Mr. Baily to discover a large number of bis letters in 
private hands, with olliers, and a manuserijit autobiography, upon tlie sh« Ives of the 
library in tlie observatory; and upon their publication, in JH.’lo, by order of the Lonls 
Commissioners of the Admiralty, some [lainful and uiiexjiectcd disclosures were imule. 
It may be admitted that Flumsteud cxugg<u*atcs his own cast!, that Jiis teinfwr was irascible, 
that he did not appreciate the value of Nmvtoii s theory, and over-estimutcid the imi»urtunect 
of his own labours; yet, after having allowed these elements of coiTeeticm lull force, I la; 
conclusion is sullieieiitly iilain, that he wa.s most injuriously treated, and that much of 
the moral distinction with which posterity has crowned the head of Newton is altog<;ther 
misplaced. His deej) obligations to Flamstcad s lunar observations are aeknowh*dg«d in 
the first edition of the IViiicipia, hut carefully suppressed in the seemid, a[>pHr<;ntly when 
vindictive feeling had begun to operate ; and, in fact, nothing is more remurkahle than 
the opinion universally entertained of the meek and placable disfiosition of the great 
philosopher, and the want of temper and honour displayed in Ids dealings with FliiniHleiMl. 
The truth appears to that as whcJi we view a country beneath a brilliaut sky and a 
balmy atmosphere, we are apt to frame our impressions of the jieople in harmony with 
the beauty of the si*enc ; so, to the early admirers of Newton, his intelhfctiml greatness 
invested with fictitious lustre his private character, and the infirmities of the iiiHii were 

lost sight of in the glory of the sage. , xt 

But however much we may take from the moral greatness usually attributiMl to Newton, 

and a considerable abatement is unriuestionably necessary, his reputation for wonderful 
sagacity and grasp of mind is incapable of imjieachmeiit. The course of events has only 
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served to render more conspicuous that sublime intelligence by which he unravelled the 
mechanism of the heavens ; and establish more indisputably his claim to be regarded as 
the architect of physical astronomy. To determine the motions of the heavenly bodies 
was tlic work of K(‘pplcr ; to explain and demonstrate the causes of those motions was the 
achicvemcTit of Newton. So fur however from gaining universal assent when first pro- 
posf'd, his theory was ill understood, slightly appreciated, or altogether rejected by 
numbers of scientific! men ; and, espc'-cially on the (!ontinent, it very slowly won its way to 
notic'C! and confidence. Newton survivcvl the juiblication of the Principia forty years, and 
at the time* of his death, accrordingto Voltaire, it had not twenty readers out of the country 
of its production. It was n(»t until the mutual perturbations of the jdanets began to 
(jcciipy th<^ attention of the; contincnital philosophers, that his theory was fully admitted 
abroad, an<l tlie w(>rk in wliicli it was developc*d took the rank it has since occupied, 
[)re-eniin(!nt, in the words of La[da(!e, above all the productions of the human mind. It is a 
common but vulgar error, to suppose the nnn-it of our countryman to lie in conceiving 
thf! id(!a of th(i attraction ol' gravitation. That idea had been suggested to many minds 
I Jong Ixtfore Jiis ti/ne, and th<! impression Jiad been created tJiat sucrh a power in nature 
was the cniise of the pliinetury motions. 7’Jiris KeppJer surmised an attractive force to 
resitle in the sun, producing these movc*ments, and he even threw out the conjecture, that 
tin’s force diminishes in proportion to the square of tlie distance of the body on wJiich it 
was exerted. Jlorelli and ilooke also distinctly dev(?Joped the influence of gravity, and 
both rcifcTred tlie orbits of the planets to tlie doctrine of attraction combining with their 
own prop(*r motions to produce curvilinear movements. What really distinguished 
Newton, was not the idea of gravity as tin! principle of attachment between tb. 
iliflcrcnt members of the solar system, but jiroving it to be so. He succeeded vague 
surmise ufion the point w'ith matliematieal denumstration ; .explaim^d and applied the 
laws of the force; an accomplishment wdiicli crowns him with honour above all his rivals, 

inasmuch ns be w ho works a mine, and 
distributes its wealth througli society, 
is incomparably in advance of him wdio 
has merely apprelicnded its existence, but 
failed in gaining access to its treasures. 

The manor-house of W(M>lstborpe, afew 
miles from Grantham, seated in a little 
valley near tlie source of the Witliam, 
was the scene of Newton’s birth. Popular 
tradition reports, that the fall of an apple 
from a tree in the orchard belonging to 
this house was the mustard-seed out of 
which ultimately grew the grand theory of 
universal gravitation, and the story i.8 not 
without a leaven of truth. It is certain 
that, to avoid the plague which ravaged 
England in 1666, Newton retired from 
Cambridge; and, wlien sitting alone in 
his garden at Woolsthorpe, his thoughts 
w*ere directed to that remarkable power which causes all bodies to descend towards 
the centre of the earth. The sup{>osition presented itself, that as this pow*er extends to 
the highest altitudes of the ejirth’s surface, it probably extends much farther into space ; 

80 that even the moon may gravitate tow'anls the earth, and be balanced in her orbit by 
the combined force of attraction and the centrifugal force implied in her motion. If this 
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Were true, the planets might be supposed to gravitate towards the sun, and to lie rt^straimnl 
thereby from flying off under the action of the centrifugal force. Sixteen years rolled 
away before this beautiful hypothesis was verified, and difliculties arose in testing it whicli 
seemed to disprove it altogether. It was necessary to (‘aleulate the force of gravity at 
the surface of the earth ; to estimate its diminished energy at an increased distanci* ; and, 
after having found the law of the diminution, to ascertain whether the plumomeiia of tlu* 
lunar motions corresponded proportionably with those of falling bixlies at tlie terrestrial 
surface. Assuming the force of gravity to vary inversely as tin* s(]uar(* of the tlistanei*, 
it followed that, at the distance of the moon, it would he about 3(i(X) times less than 
at the surface of the earth. I'he problem, thcrefon*, to la* solved was, whether the 
versed sine of an arc described by tbe moon, which jneasures the space through which in 
the same time she would full to the earth, if abandoned to tbe a<*ti(»n of gravity, would 
be 3600 times less than tbe space tbrough which in the same time a heavy body falls, at 
the earth’s surface, a n Iwdng the are of the moon’s orbit, c d tin* 

O sine of the arc, and c/‘the versed siin*. After a can*ful study oi' 
the lunar observations supplie<l by Khimstead, and a series of eal- 
eulations displaying iiiiexaitipled originality ainl industry, New- 
ton fully dennmstnifed that the vi*rsj*«l sin(* of an are di?seril>ed by 
the moon in (»rie mintit(* was eijiial to the spa<‘e travers(>d in (h - 
seeiit by a Inaivy Inaly at the snrlaee ol' tin* i*arth in oin^ s<*eoinl 
— tbe exact proportion that ought to exist, ac(*ording to !h<* mo- 
dilication to wliieb the intensity of gravity is subject by variation 
of distance. 

The first certain gleam of this grand conclusion obtained by Newton, is said so to have 
overpowered liiiii, that be was obliged to susp(‘ini bis ealeulatitms, and call in tlie aiil of a 
friend to finish the lust few arithmetical computations. He saw the important relati<ms 
of the demonstration — the planets w'heeling round tin* sun — the satellites round the. 
planets — the far-wandering comets returning to the source of light in oheiliemre to the 
law of gravitation; — a result sufliei(*nt to throw the sueeessful dis(*<>ver(*r into nervous 
excitement. It is clear that, if u body la* pnyected into space, it will proceed in the 
direction of the original impulse and with a uniform velocity for cv<*r, siifiposing no 
obstacle to impede its course. Hut tbe combination ol tw'o antagonistic forces will 
produce a resulting motion in a diagonal direction. 

SupjKise the straight lines a it to represent tbe, direction in which the earth w'ould travel 
under the influence of the projectile force, which launched it into 
universal space : the straight lines A 8 are those it would desiTihe 
at any point of its orbit if surrendered to the influence of tin? sun’s 
attraction. The primitive impulse is, however, checked by the; solar 
^ attraction, and the latter by the former ; so tliat w hile the r*artli, if 
abandoned to either, would describe A li or A s, the effect of tludr 
1 , joint influence incessantly acting is to dc*flect it from both, and pro- 
duce a curved path. The cause jM^ryMitually o[K*niting, the effect ia 
constant ; and hence the formation of the terrestrial orbit, and tlie cause cxten<ling to the 
other bodies in the system, tlie i.lanctary orbs are deflectetl from their iiaturul rw.tilincar 
paths, and pursue a circuit round the common centre. 1 he force of attiac tion is, lowever, 
proportional to the quantity of matter, and the proximity of the attracting Ixidy. J Jke 
light, the power of gravitation is wcakimcd by diffusion, and diminishes us the wpiare of 
the distance increases. This square is the product of a inimlx r multiplied by itmdf. A 
planet, therefore, twice our distance from the sun, will gravitate, four times less than w<* 
do, the product of two multiplied by itself being four. Such is the great Law of 
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Gravity, subject to the two conditions, that its force is directly aS the mass of the bodies, 
and inversely os the square of the distance. It extends to the confines of the system, and 
acts as a migiity invisible chain to keep the primary bodies in brotherly relationship to 
each other, and in mutual subjection to the central luminary. And who can trace its 
operation without recognising a Supreme Potentate, who appointed to the sun his place, 
launched the planets in the depths, obedient to a law which has preserved the family 
compact originally established unbroken through the long series of ages ? 

It must, however, be borne in mind that the attraction between bodies is mutual, pro- 
|)ortioned to their masses and distances. While the sun attracts the planets towards 
himself, they also attraert the sun, though their effect is comparatively small, owing to the 
vastness of the solar mass. The planets likewise act upon each other ; and as their relative 
distances are p<u*petually varying, certain perturbations are caused in the system, which, 
though minute in each particular case, become considerable by accumulation, and yet are 
ultimately corrected and repaired by the same cause that produces them. Newton left to 
posterity the task of thoroughly investigating these inequalities, of showing them to be a 
result of the law of gravitation, and establishing the permanence of the system, notwith- 
standing the accumulating influence of its internal disturbances. He himself had no 
gleam of the latter truth, but seems to have entertained an opinion that the irregularities 
occasioned by the mutual action of the planets and comets would probably go on increasing 
till the system either wrought out its own destruction or received reparation from the 
direct intervention of its Creator. But Euler, Clairaut, D’Alembert, Lagrange, and 
Laplace have demonstrated the problem that the perturbations of the |>lanets are periodic 
in their nature, that accurate com])cnsation for them is biid up in store, so that the system 
is not arranged upon a principle of self-destruction. The elements of disorder and decay 
are removed from it. The very conditions of its existence guarantee its stability till the 
will of the great liuhT shall be expressed to the contrary. When an end shall come to 
its present (Hmstitiition, that will not be the effect of its own faulty arcliitecture, but of 
the fiat of OMNiroTKisei:. 

The house of Nt'wton at AVoolsthorpe, now the homestead of a farmer, has been in th^ 

ownership of persons 



Ko(>m in wUuii Nvwiuu boru. 


anxious to protect it, 
and preserve every 
relic of its former oc- 
cupant. Stukeley thus 
described it in 1727 : 
— “’Tis built of stone, 
as is the way of the 
country hen.*al)outs, and 
a reasonable good one. 
They led me up-stairs, 
and showed me Sir 
Isaac’s study, where I 
suppose he studied 
when in the country 
in his younger days, 
or perhaps when he 
visited his mother from 
the university. I ob- 


served the shelves were 


i>f his own making, Iwing pieces of deal boxes which probably he sent his books and 
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clothes down in on those occasions.” Two sun-dials remain whicli he made when a 
boy; but the styles of botli arc wantin*?, and one has been recently taken from the 
wall to be presented to the Royal Society. The room in which he was born has the 
following inscription upon a tablet of white mai-ble: — “ Sir Isaac Newton, son of John 
Newton, Lord of the Manor ol' Woolsthorpe, was born in this room on the 2.5th of 
December 1642.” The apple-tree, the fall of one of the apples of which, according to 
tradition, drew his attention to the subject of gravity, was blown down by a gale some 
years ago, and a chair was constructed out of its timber. The Royal Society of London 
possesses his telescope ; the Royal Society of Edinburgh tlie door of his book -case ; and 
Trinity College, Cambridge, has a lock of his silver wJiitc hair. 

While tlic Ibundations of pli 3 ^sical astronomy were laid by Newton, his confidant and 
friend, the brilliant and active Ilalhy, pursued a remarkably successful career in the 

practical departments of the science. Born 
in mercantile life, yet independent of it 
through the wealth amassed by his father, 
he early embarked his means and energies 
in the advancement of observation. Leav- 
ing llevelius and Flamstead to keep guard 
over the northern hemisphere, he sailed 
to St. Helena to inspect the southern ; and 
in honour of the reigning monarch who 
patronised the expedition, the oak which 
liad scrcmuHl Jtim from his pursuers after 
the battle of Worcester, was raised to a 
placid in the skies, forming the constellation 
Jiobur Carolinum. The ohject of the 
vo^^age was to determine the absolute and 
relative jtositions of tiie stars invisildc to 
the European eye ; but owing to lh<; un- 
jiropitioiis climate of the island, only a ca- 
talogue of 3t>() was made after more than 
a year’s residences Upon this voyage the, 
oscillations of tli<^ pendulum were observed 
to decrease in number ns the instrument 
approached the eepiator ; a fa(?t noticed a 
f<!W years previous by Richer, and ex- 
plained by Newton to result from tin? 
greater intensity of centrifugal fon*e 
there, proportionably diminishing the 
force of gravity. The life of Halley was 
remarkable for locomotion, di^voted to 
various scientific objects. He was twice 



'loriih. 


at St. Helena, twiee in the Adriatic, once in the West Indies, now with Newton in 
his study at Cambridge, anon with IIeveliu.s in his observatory at Duiitzic, and then with 
Cassini watching a comet at Paris. Upon the death of F'lumstead, he succeeded to the 
office of astronomer royal, and though then in the sixty-fourth year ol his age, he com- 
menced the observation of the moon through a complete revolution ol her nodes, involving 
a period of nineteen years, and lived to finish it, registering uf»wards of two thousand 
observed lunar places. It was while journeying in h nince tow'ards the close of 1680, 
that he observed the great comet of that j^ear, on its return from proximity to the sun ; 
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and being aware of the conclusion of Newton, that such bodies describe very eccentric 
ellipses, his active mind began to study intently their phenomena, which resulted in a 
prophecy that has immortalised Ids name. Alter cataloguing and comparing a consider- 
able number of comets, that of 1682 fortunately appeared. This he was led to regard as 
identical with those of 14t36, 1531, and 1607, between which there is nearly the same 
interval. Hence he anticipated its return after the lapse of a similar period, ‘‘ 1 dare 
venture,” said he, “ to foretell that it will return again in 1758 ; ” and, sanguine as to tlie 
result, he called upon posterity to notice that it was an Englishman who had hazarded the 
statement. This was a prediction announced in 1705, the accomplishment of which 
ranks with the greatest acldev(!mcnt8 of modern astronomy, and will perpetuate the fame 
of Halley to the remotest generations. He had been gathered to Ids grave in Lee church- 
yard seventeen years, when the cedestial traveller re-appeared, at the time announced, to 
verity his words, illustrate his sagacity, and invest him with undying honour. 

Bradley, the English Hipparchus, the model of observers, as he is styled by Laplace, 
became the third astronomer royal upon the death of Halley. He had previously effected 
one of Ids two great discoveries, the aberration of the stars, an optical illusion, arising 
from the combined movement of the earth in space, and the progressive transmission 
of light; a discovery of the highest importance, requiring the greatest precision of 
observation to detect. Ever since the doctrine of the earth’s translation in space had 
been received, astronomers had been anxious to find some parallax of the fixed stars, 
as a sensible confimation of tlie fact. Although the whole diameter of the earth’s 
orbit is relatively insignificant, it is yet absolutely vast. Hence it was deemed no 
unreasonable expectation that some small apparent change of place in the heavens 
would be discerned in the case of the fixed stars, when viewed from the two extre- 
mities of the earth’s annual orbit, — separated from each other by the mighty chasm 
of a hundred and ninety millions of miles. To ascertain this, 
if possible, Bradley commenced observing a particular star, 
y Draconis, in connection with his friend the Hon. Mr. 
Molyneux, in the house of the latter on Kew Green, w^hich 
was afterwards the residence of George III. The star in 
question was selected from its passing very near the zenith 
of their observatory. After a series of laborious observations, 
which began towards the close of the year 1 725, this star was 
found to have a southerly motion, a result which excited pro- 
found surprise, as it was in a direction opposite to what would 
have been produced by an annual parallax. For instance, when 
the earth is in its orbit at A, the place projected in the heaven^ 
by the star n will be at c ; but when the earth is in its orbit at 
1 ), provided that there be any sensible parallax, the 
star will be seen in the direction e. Instead of this 
being the case, the observed ajipearance was that of the star appearing from d in 
the direction f. The observed change of place, then, could not be explained 
by means of parallax, or the earth’s motion simply, because the change was in a 
direction opposite to what would have been caused by the parallactic motion. 

Suspecting some error, instruments were examined and observation renewed ; 

but the fact was verified, and the star was found to move southerly from 

December to April, then to move northerly again, returning to its original 

place in the December following, after having described a small af)pai*ent 

orbit in the heavens. The diagram represents the apparent course annually described by 

,y Draconis, and other stars similarly situated. Imagine the line a bent overhead, b being 
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the zenith, and a the pole. The ellipse is the annual apparent movement of the star 
the transverse diameter of which is about forty seconds. ’ 

Aberration, or wandering, is the name given to this phenomenon. The term is not 
strictly accurate, as the apparent movements thus denominated are not irregular, hut 
uniform. To discover tlie physical cause became an object of intense interest to Bradley, 
but it long baffled his researches and reasonings, and was at length developed by an ueei- 
dental circumstance. He was accompanying a pleasure-party in a sail on the river 
Thames. The boat in which they were was provided with a mast which had a vane on the 
top of it ; it blew a moderate wind, and the party sailed uj) and down tlic river for a con- 
siderable time. Bradley remarked, that every time the boat put about, the vane at the top 
of the mast shifted a little, as if there had been a sliglit (diange in the direction of the 
wind. He observed this three or four, times without speaking ; at last he mentioned it to 
the sailors, and expressed his surprise that tlie wind should shift so regularly every time they 
put about. The sailors told him that the wind had not shifted, but tliat the apparent 
change was owing to the cliange in the direction of the boat, and a.ssured him that the same 
thing invariably happened in all cases. From that moment ho conjectured that all the 
jdienomcna of aberration he had observed, arose from the progressive motion of light com- 
bined with the earth’s motion in its orbit. This sagacious conjecture satislactorily explains 
the apparent movement of the stars. Suppose a bc>dy to pass from 
A to n in tlie same time that a ray of light passes fi’oin c to ii. 
Owing to the two motions, the impression of the ray of light 
meeting the eye of a spectator at n will be exactly siinihir to 
wliat it would have bc-eii if the eye; had been at rest at n, and 
^ the molecule of light had come to it iii the direction d, u. The 
star, therefore, whose real place is at c, will appear at d to the spectator at n. This effect 
is precisely analagous to what takes place when a person moves or travels rapidly through 
a shower of rain or snow in a perfectly calm state of tlie atmosphere. Without locomo- 
tion the rain-drops or snow-flakes will fall upon his hat, or upon tlie head of the carriage 
that conveys him, and not beat in his face, or against the front windows of the carriage. 
But if he is passing along swiftly, in any direction, east, west, north, or south, the rain or 
snow will come in contact with his face, or enter the front windows of the carriage if they 
are open, as though the drops or flakes fell obliquely, and not from the zenith. Now as 
an object appears to us in the direction in which the rays of liglit strike the eye, it is 
easy to understand that a star in the zenith will appear at a little distance from it, to a 
spectator carried along with the earth in its orbit. This discovery established the fame 
of Bradley, who was exonerated from all future payments to the Royal Society on account 
of it ; and it is of great importance, as the only sensible evidence we have of the cartli’s 
annual motion. ji)on after his appointment to the Greenwich observatory, he cflectcd liis 
second great discovery, that of the nutation of the earth’s axis, a sliglit oscillation of 
the pole of the equator about its mean place, describing an cllijise in the j)(;riod of 
eighteen years. He determined likewise its cause, which theory had previously inferred to 
be the action of the moon upon the equatorial regions of the eartli. Some idea of his in- 
dustry may be formed from the fact, that in conjunction with his nephew, he made no 
less than eighteen thousand observations in a single year while astronomer royal ; and the 
number from the year 1750 to 1762 amounted to upwards of sixty thousand. *lhe death 
of Bradley was interpreted as a Divine judgment by the populace. He had taken an acti\ e 
part with the Earl of Macclesfield and others, in urging on and assimilating the British 
calendar to that of other nations. This rendered it necessary to throw eleven days out 
of the current year in the month of September 1752 — h measure which the ignorance of 
great numbers of the peojile led them to regard as an impious intermeddling with the 
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Divine prerogative. Lord Macclesfield's eldest son, at a contested election for Oxfordshire, 
was greeted with the cry from the mob, “ Give us back the eleven days we have been 
robbed of I and Bradley’s mortal sickness, some years later, was viewed as a punitive 
dispensation for having participated in the sacrilegious theft. 

The latter half of the eighteenth century furnishes a large catalogue of distinguished 
names, men of high scientific ability, and, for the most part, of the finest mathematical 
minds, by whose labours practical astronomy made vast advances, and the physical theory 
of the universe, as previously developed, was amply illustrated and confirmed. During 
this era lunar tables were constructed of sufficient accuracy to be employed to solve the 
great problem of the longitude at sea. This was the work of Mayer, for which his 
widow received the sum of 3000/. from our government ; and since that period, the pub- 
lication of such tables, showing the places of the sun and moon, with the distance of the 
latter from certain fixed stars, for every three hours, three years in advance, has been a 
national object, contributing to the safety of navigators upon the trackless deep. The 
same period is also celebrated for the determination of the figure and magnitude of the 
earth, and for the great improvements made in instruments of observation. If the century 
opened with lustre derived from the physical demonstrations of Newton, it closed mag- 
nificently with the telescopic discoveries of Ilerschel, the wonderful resident by the 
stately battlements of Windsor, by whose meclianical skill and matchless industry new 
regions were added to our solar system, and views unfolded of the infinity of the firma- 
ment, and the character of its architecture, which eye had not seen or the mind conceived. 

A work specially devoted to the life and labours of Herschel is a desideratum. It is 
not to the credit of the country, that the men who have headed its physical force upon the 
field of battle have enjoyed a larger measure of public admiration and gratitude, and 
found a more 8j)eody chronicle, than those who have enlarged the field of thought, 
ministered to the intellectual gratification and elevated the mental character of the 
community. Bradley had lain in his grave 70 years, Newton 104, and Flamstead 
116, before their memory received its meed of justice from the hands of Kigaud, Brewster, 
and Baily ; a slackness to be attributed to the want of a due national estimate of the 
value of science, rather than to the reluctance of those wdm were competent to do ample 
honour to their merits. Herschel still remains without a record of this kind, though the 
materials for it are abundant, and his claims undoubted. Born at Hanover, the son 
of a musician in comparatively humble life, but early a resident in England, he appeared 
first ns a professor and teacher of music, but rapidly rose by his own unaided efforts to 
eminence as an optician and astronomer. Anxious to inspect for himself the sublime 
revelations of the heavens, but destitute of means to purchase a telescope of sufficient 
power for his purpose, he resolved to employ some previous knowledge of optics and 
mechanics in the construction of an instrument. The earliest, a five-foot reflector, was 
completed in 1774: but altogether he accomplished the construction of upwards of five 
hundred specula of various sizes, selecting the best of them for his telescopes. After 
having established his fame by the discovery of a new planet, and fixed his residence at 
Slough, under the munificent patronage of George the Third, he completed the giant in- 
strument that attracted travellers from all parts to the spot, and rendered it one of the 
most remarkable sites of the civilised world. The tube was forty feet long, the speculum four 
feet in diameter, three inches and a half thick in every part, and w’eighing nearly two tons. 
Its space-penetrating power was estimated at 192, that is, it could search into the depths 
of the firmament 192 times further than the naked eye. We can form no adequate con- 
ception of this extebt, but only feebly approximate to it. Sirius, a star of the first 
magnitude, is separated by an immeasurable distance from us. But stars of a far inferior 
order of magnitude are visible to the naked eye. These we may conclude to be bodies 
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far more remote, and reasonably suppose the star which presents tlie faintest pencil 
of light to the eye to be at least twice or thrice the distance of Sirius. Yet onwards 
192 times further, the space-penetrating power of the telescope at Slough swept the 
heavens. It was completed in the year 1789, but the frame of the instrument be- 
coming decayed through exposure to the weather, it was taken down by Sir John llerschel 
in 1823. 

It will be convenient here to notice a reflecting telescope of far greater magnitude and 
power, recently constructed by the Earl of Rosse, and now in use at the sent of that 

nobleman, Birr Castle, in Ireland. The mechanical difficulties involved in this work 

the patience, perseverance, and talent required to overcome them — and the great expen- 
diture necessarily incurred — render the successful completion of this instrument one of 
the most extraordinary accomplishments of modern times; and entitle its owner and 
projector, from first to last, to the admiration of liis countrymen. When the mechanical 
skill and profound mathematical knowledge essential to j)r()duce such a work are duly 
considered, together with the years devoted to previous experimenting, and an outlay of 
upwards of twelve thousand pounds, this telescope must be regarded as one of the most 
remarkable and splendid offerings ever laid upon the altar of science. The speculum has 
a diameter of six feet, and therefore an area of reflecting surface nearly four times greater 

than that of the Herschelian, and its weight approaches to four tons. The casting a 

work of no ordinary interest and difficulty — took place on the 13th of April, 1842, at nine 
in the evening ; and as the crucibles poured forth their glowing contents — a burning 
mass of fluid matter, hissing, heaving, and pitching — for the moment almost evc-ry one 
was anxious and fearful of accident or failure but Lord Rosse, who was observed direct- 
ing his men as collectedly as on one of the ordinary occurrences of life. The speculum 
has been formed into a telescope of fifty feet focal length, and is established betweim two 
walls of castellated architecture, against one of which the tube bears when in the meridian. 
It is no slight trium])h of ingemuity, that this enormous instrument may be moved about 
and regulated by one man’s arm with perfect ease and certainty. What will result from 
its application to the heavens remains to be ascertained, but an advancement ol’ sid<‘real 
astronomy has already transpired. 

To return to Herschel. No addition had been made of any new' body to the universe 
since Cassini discovered a fifth satellite in the train of Saturn. Nearly a century had ehij>st;d 
without any farther progress of that kind. The solar system, including the planets, satel- 
lites, and Halley’s comet, consisted of eighteen bodies when llerschel turned his attention 
to astronomy; but, before his career of observation terminated, he increased the number 
to twenty-seven, thus making the system half as large again as he found it, as to the 
number of its constituents — a brilliant recompence, but not an over-payment, considering 
the immense expenditure of time, and toil, and care. A primary planet with six moons, 
and tw^o more satellites about Saturn, composed the reward. It was on the 13th of 
March, 1781, that, turning a telescope of high magnifying power — though not Jiis 
gigantic instrument — to the constellation Gemini, he perceived a (duster of stars at tlie 
foot of Castor, and one in particular, which sensibly increased in diameter wliilc the 
rest of the stars remained unaltered. Two nights afterwards its place was changi^d, 
which originated the idea of its being a cometary body $ an of>inion embraced upon the 
continent when attention was called to it, but soon dispelled by cl'*ar evidence of its plane- 
tary nature. The new planet was named after the reigning monarch by the discoverer, 
but received his own name from astronomers, which was finally exchanged for the Uranus 
of heathen mythology, the oldest of the gods, the fabled father of Saturn and the grandsire 
of Jupiter — referring to the position of the planet beyond the orbits of the bodies named 
after the latter. By this discovery the extent of the system was at once doubled ; for the 
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path of the stranger lies as far beyond what had been deemed its extreme confine, as that 
limit is removed from the sun. The first moment of his “ attack” upon Saturn, upon 
completing the forty-feet reflector, he saw a sixth satellite, and a seventh a month later. 
But Herschel realised his most surprising results, and derives his greatest glory, from the 
observation of the sidereal heavens. The resolution of nebulm and the Milky Way into 
an infinite number of stars — the discovery of new nebulfe of various forms, from 
the light luminous cloud to the nebulous star — of double and multiple stars — of the 
smaller revolving round the greater in the binaiy systems ; — these were some of his reve- 
lations to the world, as night after night, from dewy eve till break of dawn, he gauged 
the firmament. Caroline Herschel was the constant partner of her brother in his labo- 
rious undertakings — submitting to the fatigues of night attendance — braving with him 
I the inclemency of the weather — noting down his observations as they issued from his 
lips — and taking, as the best of all authorities reports, the rough manuscript to the 
cottage at the dawn of day, and producing a fair copy of the night’s work on the ensuing 
morning. He died in 1822 ; but she survived to 1848, witnessing the heir of his name 
recognised as tlie heir also of his talents and fame. It was one of the conceptions of this 
remarkable man — as bold an idea as ever entered the human mind — that the whole I 
solar system has a motion in space, and is advancing towards a point in the heavens near 
the star A Ilcrculis. General o])inion is now in favour of the idea, that not only the solar 
but the entire stcdlar universe revolves around some mighty centre. 

The nineteenth century commenced with a fresh ingathering of members into the 
planetary family. It had been deemed a matter of surprise that the immense interval of 
about 350 millions of miles between Mars and Jupiter should be void, when only spaces 
varying from 25 to 50 millions divide Mars, the Earth, and the inferior planets. Keppler 
had therefore started the conjecture that a planet would be discovered in the vast region 
between the two former bodies ; and thus bring it into something like proportion with the 
spaces between the latter. This idea was confirmed by a curious relation discovered by 
Professor Bode of Berlin, that the intervals between the orbits of any two planets is about 
twice as great as the inferior interval, and only half the superior one. Thus, the distance 
between Venus and the Earth is double that between Mercury and Venus, and the half of 
that between the Earth and Mars. Uranus had not been discovered when Bode arrived 
nt this remarkable analogy, but the distance of that planet being found to coiTespond with 
the law, furnished a striking confirmation of its truth. The respective distances of the 
planets may be expressed by the following series of numbers, whose law of progression is 
evident. 


Mcrcur}^’s distance 

- 

_ 4 

Venus 

- 

* 4 f 3-0 = 7 

Earth 


- 4 + 3-2 = 10 

Mars - 

- 

- 4 + 3-2-’= 16 

Jupiter 

_ 

- 4 + 3-2^= 52 

Saturn 

- 

* 4 + 3-2''= 100 

Uranus 

- 

- 4 + 3-26= 196 


The void in the series between Mars and Jupiter, so convinced the German astro- 
nomers of the existence of a planet to occupy it, which had hitherto escaped observation, 
that a systematic search for the concealed body was commenced. At Lilienthal, the 
residence of Schroeter, an association of twenty-four observers was formed in the year 
1800, for the purpose of examining all the telescopic stars of the zodiac. The opening 
years of the century witnessed the anticipation substantially realised by the discovery of 
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four planets — Ceres, Pallas, Juno, and Vesta, revolving round the sun at a mean distance 
of one hundred millions of miles from Mars, so small as only to be ttdescopic ol)j(^cts. 
This discovery we owe to Piazzi, Gibers, and Harding. Some singular features, without 
parallel in the planetary system, such as their close contiguity, the intersection of their 
orbits, with their diminutive size, — Vesta not being much larger than the Spanish 
peninsula, — led to the surmise that these bodies are fragments of n planet which once 
revolved in their mean patli with a magnitude proportionate to that of its neighbours. 
The possibility of such a disruption cannot be denied — tlie revolution of the fragments 
round the sun would follow in obedience to the mechanical laws by which the system is 
governed ; but the point is obviously one of those questions which must remain entirely 
hypothetical. 

The most remarkable astronomical occurrences of the present age are the November 
meteors, observed with extraordinary brilliancy in 18;J3 — tlie renewed return of Halley’s 
comet in 1835 — the determination of the annual parallax of the star G1 Cygni by Bessel 
in 1838 — the examination of the southern heavens by Sir John Herschel at the Cape of 
Good Hope 1834-1838' — the discovery of five additional asteroids, Astrea in 1846, and 
Hebe in 1847 by IVIr Encke, Iris and Flora, in the latter year by Mr. Hind, and Metis by 
Mr. Graham in 1848, the detection of the imimary planet Neptune in 1846 — and of an 
eighth satellite of Saturn in 1848, simultaneously observed by Mr. Lussell of Liverpool 
and Mr. Bond of Cambridge, United States. The addition of a primary planet to our 
system demands a brief notice. 

Observations upon Uranus had shown th(i motions of that planet to present great 
irregularities, which could not be explained by the action of flupiter and Saturn ; and 
after carefully examining the analytical theory of Uranus, Laverrier, a young academician 
of France, in the summer of 1846, published the elements of an undiscovered planet, 
the cause of the perturbations. He boldly predicted its existence, calculated its mass, and 
referred to its place in the heavens ; and scarcely a month afterwards, on the 23rd of 
September, the hitherto concealed object was found by M. Gallo of Berlin. But it has 
only been by accidental circumstances that France has the honour of this remarkable 
achievement. Upon retiring from the chair of the British Association a fortnight before 
the observation of M. Galle, Sir John Herscliel, in remarkable words, referred to the 
astronomical events of the past year, observing that it had given a new planet (Astrea) 
to our list, and adding, “ it has done more, it has given us tlie probable prospect of the 
discovery of another. We see it as Columbus saw America from the shores of Sjiain. 
Its movements have been felt trembling along the far rcaching-linc of our analysis, with 
a certainty hardly inferior to that of ocular demonstration.” d'his striking paragrupli, 
as subsequently explained, had a twofold reference to the calculations of Leverricr, and 
to a similar investigation previously completed by Mr. Adams of Cambridge, the in- 
dependence of the investigations, and their very nearly coincident results, justifying the 
confidence so strongly expressed by the speaker. Mr. Adams commenced his theoretical 
researches in January, 1843, recommenced them upon larger data in February, 1844, and 
obtained results for the heliocentric longitude, eccentricity of orbit, longitude of perihelion 
and mass of an assumed exterior planet, deduced entirely from unaccounted for perturba- 
tions of Uranus. These results were communicated to Mr. Challis, the Professor of 
Astronomy at Cambridge, in September, 1845. In October they were in the hands of 
Mr. Airy, the Astronomer Royal, whereas Leverrier’s labours were not made public till 
the June of the year following. They were not then so complete us those of Mr. Adams, 
indicating merely the probable position of the hypothetical planet, wliile the latter had 
given values respecting its mass and the form of its orbit. The correspondence between 
two independent inquiries as to position inspired confidence, and Mr. Airy recommended 
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a systematic search for the object, which Mr, Challis commenced on July 29. It now 
appears that, on August 4th and 12th, he actually seized the planet, and recoi’ded two 
positions of it, but did not recognise it, through not comparing his observations, which a 
pressure of occupation, and an impression that the discovery required a much more ex- 
tensive search, prevented. But for this and the non-publication of the Cambridge mathe- 
matician’s results at the time they were forwarded to Mr. Airy, the honourable position 

( of M. Leverrier would have been occupied by Mr. Adams, and that of M. Galle by 
Mr* Challis. 

The progress of astronomical discovery which has now been briefly traced, reminds us 
of the obligations we owe to those who have gone before us. How incumbent the duty 
upon us, then, as we have largely benefited by our predecessors, that, as faithful stewards 
of their gifts, we should hand them down to posterity with an increase of value ! How 
grand, and yet how simple, those views of the universe, wpon the evidence of which we 
are now invited to gaze I The Sun, a central orb, attended by a stately cortege of planets, 
forming a system under the empire of law, — a system not unique, but a general type of 
others as countless as the members of the stellar host, whose front ranks alone come 
within the range of telescopic vision ; — systems, probably, not physically insulated, but 
bound together by fine relationships, the nature of which, judging from tlie progress of 
the past, it is not arrogant to presume, will yet be revealed to the understanding of man I 
These are not ingenious theories — splendid conjectures, but established facts, and sober 
anticipations based upon them. To live and learn is the high vocation of humanity, one 
of the appointed ends which the great Artificer of existence contemplates in its continued 
scries ; the generations that are to come improving upon the acquirements of that which 
now is. Nor can we fix any limit to the growth of knowledge in relation to the physical 
universe, clear and insurmountable in the present state as are its bounds with respect to 

the spiritual world. Who can descry a resting point in the wilderness of space ? discern 

a barrier to the range of the creation ? Vast as are the regions that have been entered, 
there ore vaster amplitudes unupproached beyond them, towards which the mind may 
advance in endless progression ; often indeed i’altering in the pilgrimage beneath the 
burden of those conceptions of space and magnitude wliich immensity suggests, but still 
going onwards. | 
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THli SUN AND SOUAU rJIKNOMl.NA. 

Thk Sun — the central luniinnry of the sys- 
tem — the source of and heat — a|)pears 
to prosiMHite daily a stately pro(‘ession tlirou^h 
the heavens, owiuj' to the rotation of the 
earth upon its axis, ascendinj^ like an in 
tensely brilliant ball from the eastern 
horizon, and declining towards the west- 
ern. Kxcepting the regions bordering 
on the poles, every part of our glob(‘, 
within the interval of twenty-four hours, 
is brought beneath the action of tlu; 
Solar rays, and withdrawn from tliem 
its “ mountains and all hills, its fruit- 
ful trees and all cedars.” The unfail ' 
ing continuity and nice precision with 
which this has transpired, age after age, 
strikingly illustrate the stability of the 
^ natural laws. The navigator on 
'' a dangerous coast, watching for tlie 
morning, knows that the vision 
is for an a{)pointed time, and / 
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’ will infallibly keep the appointment. In countries favoured with a more transparent atmo- 
sphere than our own, the day-spring, the commencement of terrestrial nature’s diurnal 
audience with the solar presence, is a scene of great combined beauty and magni- 
ficence. Faint rosy-coloured streamers are early indications of the point of sunrise; 
these rapidly become more distinct, and are followed by resplendent saffron hues, from 
that of burnished gold at the horizon, to the lighter shades gradually fading upwards 
into the pure cerulean of the illuminated sky. A recent pilgrim from the Western 
world to the sacred sites of the East, during his stay at Athens, went to witness the 
sunrise from the Acropolis, amid the solemn grandeur of its desolations. Seated 
within the ruins of the Parthenon, commanding a view of the horizon through the co- 
lumns of the eastern portico, he awaited from the grey dawn the appearance of the orb 
of day. Gradually the sky became so resplendent in the direction of the advancing 
luminary, as to render it impossible to determine the precise point where his presence 
would be revealed. The tops of the northern mountains caught his beams, and some 
light fleecy clouds seemed changed into liquid gold, as, hovering over mount Hymettus, 
they met the rays of the sun. At length, the eye encountered the solar glory, lighting 
up the columns and marbles of the Parthenon with a silvery splendour. It was one of 
those moments in the life of man, says Robinson, the traveller in question, that can never 
be forgotten. In our own latitude, the sunrise is a spectacle of surpassing interest and 
beauty, as viewed from the summit of Snowdon, or from some eminence overlooking the 
sen, in a propitious state of the atmosphere. The progressive illumination — the varie- 
gated colours deepening and brightening that are pencilled on the sky — the growing 
distinctness of the superficies, whether field or flood — the retreat of mists and vapours 
glittering in the sunbeams while vanishing before their action; — combine to form a scene 
of visual J^eauty which has few parallels in the realms of nature. 

Light is sensibly transmitted to us while the sun is below the horizon. This is occa- 
sioned by the refractive and reflective properties of the atmosphere. By the former, as 
previously explained, his place in the heavens is raised, and morning and evening, when 
his lower limb appears to rest upon the horizon, his entire body is actually below it, and 
would be invisible but for the refraction of his rays. This effect is only produced while 
his declination does not exceed 33', which is rather more than his greatest apparent 
diameter. At a furtlier distance from the horizon, the power of refraction is not sufficient 
to elevate his rays so as to cause their direct transmission to the eye. They are then 
reflected to us from the upper regions of the atmosphere which receives them, causing 
the morning and evening twilight, the gradual transition from darkness to light, and from 
light to darkness. It is owing to the particles of air possessing the property of successively 
reflecting and re-reflecting the solar light, scattering it in every variety of direction, that all 
those objects are visible to ns in the daytime, which are indirectly situated with reference 
to the luminary. Without it, tlie cloudless sky at noon, now so blue and brilliant, would 
present the blackness of darkness, with the exception of the places occupied by the sun 
and the stars. The latter would be as visible by day as at midnight, while no object would 
be perceptible, not receiving the direct sunbeams. It is not impossible but that at midnight, 
in the hour of the deepest gloom, some of the solar influence may be transmitted to us by 
an infinite number of reflections, so reduced, however, in its amount and power as to be 
imperceptible. The period of the sensible reflection of light from the sun, or the twilight, 
is generally supposed to be confined to his depression eighteen degrees below the horizon. 
Tlie limit of depression, however, at which there is the greatest observed darkness, varies 
in different climates. In the torrid zone it has been found to be between sixteen and 
seventeen degrees ; and in France between seventeen and twenty-one. The duration of 
the twilight is different at every different latitude on the earth, and it varies in the same 
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latitude at different seasons of the year ; but much depends upon the atmosphere being 
free from clouds and fogs, or surcharged with tliem, ns to its perceptible length in nil 
places and at all times. Astronomically speaking, in the latitude of Greenwich, there is 
no night from the 22d of May to the 21st of July, but twiliglit from sunset to sunrise. 
It reaches its minimum three weeks after the autumnal equinox, and three weeks before 
the vernal equinox, having a duration of one hour and lifty minutes. At midwinter it is 
longer by rather more than a quarter of an hour than at tlie former periods, though this 
is not often perceptible, but rather the contrary, owing to the greater prevalence of clouds 
and mists at the winter solstice, intercepting, absorbing, and reflecting away from the 
earth the rays of light that otherwise would visit it. The duration is least at the eejuator 
and greatest at the poles, but at the former there are two twilights every twenty-four 
hours, and at the latter only two in the year. At the north pole the sun is below the 
horizon for six months, but from the autumnal equinox to the 12th of November, and 
from the 29th of January to the vernal equinox, his declination does mjt excecnl <righteen 
degrees, consequently througli the whole of tliese intervals there is twilight, which 
reduces the extent of the absolute night to about two months and a half. If this region 
is thus for a long interval deprived of the solar j)res(5nce, it is compensated by a 
lengthened possession of it at an opposite season ol’ the year, for from the 20th of March 
to the 23d of September, the sun is constantly above the liorizon. Tln^ anmrved view 
exhibits the sun as seen at midnight at the North Cape of Knrope, which is within 



Sun at Midnight at the North Ca|H*. 


eighteen degrees of the pole — an appearance novel in the extreme to the dwellers in 
more southern latitudes. In the locality upon tlni earth’s surface in which we are 
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situated, the fre(juent interchange of day and night, with the gradual advance and 
recession of botli, is a benign and beautiful arrangement, the gentle, silent, yet emphatic 
signal of nature, for man to go forth to his work and to his labour until the evening, 
when the “ ploughman homeward plods his weary way,” to give sleep to his eyes and 
slumber to his eyelids. 

Owing to the refractive property of the atmosphere, the disk of the sun when near the 
horizon loses its circular form, and assumes an oval appearance. This is particularly 
observable when sunrise or sunset is viewed from the summit of a mountain, or from an 
eminence by the sea. The refringent power of the atmosphere being tlie greatest when 
nearest to the horizon, it follows that the rays of light proceeding from the lower limb of 
the sun are raised more than those which proceed from the upper point. This diminishes 
the apparent vertical diameter, while the apparent horizontal diameter is scarcely at all 
affected, as refraction acts only in a vertical direction. Measured by the micrometer, tl'* 
vertical height of the solar surface, in tlie circumstances named, is sometimes found t< bti 
four, five, or even six minutes of a degree less than the horizontal width, and h the 
term given to the appearance, tliat of the horizontal sun. No such effect is penci vi d in 
other situations of the solar body, because refraction operates more fi't bly away from the 
liorizon, and the difference betw^een the n'fraction of the rays of light issuing fi-mu the 
upper and lower extremities of the vertical diameter is too small to be observed. We are 
accustomed to speak of the mei’idian glory of the sun ; and independent of the greater 
purity of the atmosphere at noon, through the dissipation of mists and vapours, a greater 
quantity of rays reach the eye from the sun when in the zenith than when near the 
horizon. The air is an absorbent as well as a refractive and reflective medium ; and 
however transparent the medium may be, the quantity of light absorbed wilf increase or 
diminish according to the extent of atmospheric space it has to traverse. This extent is 
much smaller with reference to an object in the zenith than one near the horizon. By a 
reference to the diagram, it will at once be seen that a ray of light passing from z the zenith 

will embrace a much less portion of the atmosp^ 2re included 
< between the two arcs than one from n the horizon ; conse- 

quently a less quantity will be absorbed ; and hence ar ce- 
lestial object will appear the brighter us its distance from 
the horizon increases. The comparatively dim and hazy 
^ a{)pearance of objects seen in the direction of the horizon, 
^ is not only occasioned by the rays of light having to tra- 
^ ver.se a larger space of the atmosphere, but of its lower 

strata, w’here it is the most dense and most absorbent. It 
is estimated that the solar light is diminished thirteen hundred times in passing through 
it, and we are thereby enabled to gaze upon the sun when setting without being dazzled 
by his beams. It is commonly supposed that he presents a larger surface to the eye when 
in the horizon than at any other altitude, but his apparent diameter is then somewhat 
less. It is chiefly the diminished splendour in that situation, allowing a distinct view of 
the solar outline to be taken, that gives rise to such an impression. 

The appearance of mock suns in the neighbourhood of the true orb — a rare and 
beautiful phenomenon — called parhelia, that is, near to the sun, has been noticed by both 
ancients and modems. Aristotle remarks, that in general they are seen only when the 
sun is near the horizon, but mentions two that were observed on the Bosphorus through 
the entire day. Pliny relates the repeated appearance of a triple sun, and mentions one 
witnessed by himself in the reign of Claudius. The most remarkable exhibitions of this 
kind occurred at Rome, when four suns were seen by Scheiner ; and at Dantzic, when 
seven were noticed by Hevelius; but under various modifications, accompanied with 
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coronas and lialos parhelia have often appeared, and are very common in high lutitudcR. 
They arc attributed to the action of visible vapour or of icy crystals upon light. 
A description of one occurs in the Philosophical Transactions for 1733, as witnessed bv 
Wliiston: ‘‘About ten o’clock in tlie morning, Oct. 22d. 1721, being at the house ot 
Samuel Barker, Esq., of Lyndon, in the county of Rutland, after an Aurora Borealis thi‘ 
night before, wind W^S.W., I saw an attempt towards two mock suns. About half or 
three quarters oi‘ an hour after I found the apjamrancc complete, when two plain parlu'lia 
or mock suns a])peared tolerably bright and distinct, and that in the usual }»laee8, miimdy, 

in the two intersections of a 



sti-ong and large portion of a 
halo. The mock suns were evi- 
dently red towards the sun, but 
pale or whitish at the opposite 
sid(‘s, as was the halo also. L(M)k- 
ing u])ward we saw an arc of a 
curiously inverliMl rainbow. This 
ar(‘ was as distinct in its colours 
as th(! common rainlxuv, and of 
fh(‘ saim* breadth.” 



r.irliclioti 


'I'lie above aj>pearaiice was re- 
p(^at(*(l s(‘V(‘ral successive days, 
and continmxl (aich day about 
tw(> hours. “ October the. 2(ith, 
about nine in tln^ m<u*ning, us 1 
was coming in the Northampton 
c(aich towards I.ondon, the halo 
returned larger and clearer than 
Ix'fon*, and th(‘ mock suns just 
attempted an appearance as on 
Sunday ; but, the air becoming 
thickm' and thicker towards ruin, 
1 saw no more.” 

The apparent diameter of the 
sun varies at different seasons of 
the year; it is least about the 
end of dune, and greatest about 


the end of December. The dif- 


ference between the two amounts to about one minute of a degree. J here would be 
obviously no variation, if tlie orbit of the earth was a j)erfect circle, with the sun situaUid 
in the centre, for then our distance from liirn being always the same, his appearance to us 
would be invariable. But his a|)pan‘nt diameter incu’eases and diminishes, becauscs the 
ellipse which the earth deseriljes alternately increases and diminishes our proximity to liim. 
When we are most remote, he of course appears least, and is said to be in apoge<!, a w'oid 
compounded of avoyri^, signifying away from the earth; when we are. mjarest, he appears 
greatest, and is said to be in perigee, from ntpi near the earth. It sije.rns extraordinary 
at first sight, that at mid-winter, when the streams are ice-hound, the snow lies upon the 
fields, and the traveller shivers in the blast, we should he nearer to the sun than when, 
at an opposite season of the year, the greensward is burnt u[), the cattle pant in the sliadc 
of the trees, and men seek a covert from the solar heat. But tla; effect of the sun s rays 
is increased or modified by two circumstances, more than sufficient to counterbalance that 
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of his varying distance ; — the length of time during which they act continuously, and 
their direction being more or less oblique. When he is farthest from us, as in summer, 
he is daily above th(j horizon twice as long as w hen he is nearest, at the winter solstice. 
His continue<l aertion causes a powerful accumulation of heat, and the nights being 
short, but litth; of it is radiated, or given off during his absence. But temperature 
is affected by th<^ dir(;ction of the sun’s rays, wli(?ther vertical or oblique, their 
greatest force, luring experienced when they are perpendicular to the surface, while in 
proportion as they are oblique, they glance off, and having to puss through a larger 
})ortiori of the. atiuosj)hcr(*, a larger numb(*r are absorbed and dispersed by it. Out of 
ten thousand rays falling upon the earth’s atmosphere, 8123 arrive at a given point if 
they come perpendicularly, 7, (1-4 if the angle of direction is fifty degrees, 2,831 if it is 
seven degrees, and only 5 if the direction is horizontal. Nows in summer, the sun being 
north of the <*(puitor, he rises to a greater altitude in the heavens ; his rays reach us in a 
more vertical direction, and the days being longer than the nights, more heat is absorbed 
than what is ra<liated. But in \vint(T he traverses those signs of the zodiac that are south 
of the equator ; and, asc(*nding to a less (devation in the heavens, his rays reach us more 
obliquely, and the days being short, the solar action is les.s continuous: hence in summer 
wc. hav<^ the greatest lieat though the c*arth is then farthest from the sun; and in winter 
the gnaitest cold wdien it is at the nearest point. 

The iru'an distance of the sun from the earth, as determined by observation of the 
transits of Venus, is ninety-five millions of miles ; and according to Laplace, this must be 
within of the true distance, so that no error is involved either way greater than about 
a million of miles. The immense? magnitude of the solar body appears from the fact, that 
h(* occupies so much spaca* in the heavtms, and presents such a stately aspect, with so vast 
an int(!rval between us. If a locomotive had been started five centuries and a half ago 
at the termination of the (Vusades, and had been travelling incessantly at the rate of 
tw(;nty inih-s an hour, it would only now' just have accomplished a space equal to that 
which lies betw(*en the terrestrial and the solar surface. Though light comes to the 
former from the latter in about <*ight minutes, ii cannon ball w’ould not j>erform the same 
feat, retaining its full forct*, under twenty-tw'o years. That an object therefore should be 
8(» splendidly visible as the sun, so far removed, and should so pow erfully influence us with 
light and heat, argues the stupendous dimensions of his volume. His direct light is 
supposed to be ctpnil to that of 5570 wax candles placed at the distance of one foot from 
an object ; and so great is the power of his rays, that some of the men employed in con- 
structing the Plymouth Breakw’ater had their caps burnt in a diving bell thirty feet under 
water, owdng to their sitting under the focal point of the convc‘x glasses in the upper 
part of the machine. His real diameter of 882, (X)() miles is equal to lllj times that of 
the earth ; luul his circumference of 2,7(>4,600 miles descril>es a bulk nearly a million and 
a quarter times larger than our own glolx*, and above five hundred times greater than 
the united volume of all the planetary Imdies that revedve around him. If his mass occu- 
pied the plact* of the earth, it w'ould fill up the entire orbit of the moon, and extend into 
space as far again ns the patli of that satellite. The density of the solar substance is, 
how»ever, far less than that of the matter of our glola?. If the two bodies could be 
weighed in a balance, the weight of the sun would not preponderate in the same 
pn)portion as his bulk, but l)e only 354,936 times heavier. This proportion is about a 
fourth less than that of his magnitude ; so that the same extent of solar substance would 
be found four times lighter than the same extent of terrestrial substance. 

To the naked eye the disk of the sun ordinarily presents a surface incomparably 
brilliant and uniformly luminous. There is no spot, or wrinkle, or blemish. The perfect 
purity of his aspect was an article of faith universally received by the ancient world. It 
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was not till telescopic views hud been obtained, that the uppiirently smooth, uiicheqiiered, 
uniformly luminous face of the sun was found to be nn illusion. Tlu^ diseoverv of the 
vast and mysterious peculiarities, cnlled the solar sjmts, is due to Cialileo, tlu»u^5h it has 
been claimed by and for other observers. They were first diseerm‘d by him in April, 
1611. In a letter published in the fullowiiif? year, he announeed their irrepruhir and 
variable figures, the unequal term of their eontimianee, tlndr motions in*ross the disk in 
parallel lines, and their continem<‘nt to a narrow 2 one north and south of the suns 
equator. Scheiner, a German Jesuit ; and Fabrieius, the friend of Keppler, (diservod them 
about the same period, but not with the aeeuraey ol‘ (Jalileo. Being unacquainted with 
any method of intercepting a portion of the solar rays to save the eye, Fabrieius could 
only observe the sun at the horizon, when his brilliancy was impaircii by the density of the 
atmosphere, and even then he suffered much from the impression of the sidar light. Oiir 
own countryman also, Harriot, tin* companion of Halcigh in his voyagi* to flic New World, 
must be ranked among the first observers of these phenomena, the diseovery and stinly of 
which have contributed to correct forim*r opinions respecting the physical constitution of 
the great orb of day. Though ordinarily to the unassisted sight the sun (‘xhihits a fa<*e 
of uniform and dazzling splendour, yet iiistane(*s are recorded ot* his tarnished surface 
laung percoptihle to tint naked <*ye. IIiTseliel, who inti*ntly slnrlied solar pheiioinenu, and 
lost one of his eyes through tin* intense glare, mentions a spot appearing in the year ITTll 
large enough to be thus disi'crned. 'I'liis nniy explain and justify sonn* Mtat(*ments which 
have been regarded with incredulity, 'rims, we have it upon the authority of Flutareli, 
that, in tint first y<tar of the reign of Augustus, the sun’s light was so greatly <iiminished, 
that tlie unproU'cted eye might steadily conteinplate his r»rl>. Ahulferagiiis also relab's, 
that, in tint ninth yitar of Justinian, the. sun suffered a diminution of his light, whi(*li 
lasted above a year and two months; and that, in tint seventeenth year of tin* emperor 
Heraclius, half of his lanly was <»bseured, which eontiiiued from tin* first 'fisriii till 
lluziran ; that is, from ()<*toher to dune. Keppler likewise states, that once in his time 
the solar aspect was strangely altered, us though a tlii<*k haze enveloped his body ; and 
the stars shone out at mid-day. Hakluyt gives the following entry from the log of a ship 
on the coast of Africa in iF’Citinbcr, lofK): — “Tin* 7th, at sunset, we saw ii great black 
spot on the sun ; and on the 8th, both at rising and setting, we saw the like, the spot 
appearing about the size of a shilling.” 

The spots arc all evun^^sceiit, but some are sulficiently jiermanent to be recognised as 
the same after the laj»se of a considerable pericKl. Tin y appear upon tlnr eiisteni edge 
of the sun, and move towards tin; western, vanishing when its edge has be<*n gain<*d, 
reappearing at the eastern extremity in about thirteen days and a half, to pursue tin; Huiin* 
route. When first seen upon the eastern limb they seareely se(!ni in motion, aft(;rwttrds they 
appear to travel slowdy, their velocity increasing till tin* ci ntral regions have been passed, 
when they apparently relax, and gradually disappear at the western exirc;mity. 'J’his is 
obviously an optical illusion occasioned by the oblique; direction in which we view the 
marginal parts of the sun’s iKsly. I'lie fu(;t sensibly demoristrabjs tin; tudar rotation ; but 
the period included between tlie appearance of a sjKit at the eastern edge and its return 
thither, is greater than the real time of one rotation, owing to the earfli advancing all 
the while in its orbit. The apparent interval of revolution is rather more than twenty- 
seven days ; the true time of rotation is somewhat less than twenty-five days and a half, 
a much longer |>eriod than that taken by our own glola*,* harmonising with the mightier 
dimensions of the solar machine. The end accomplished hy tin; sun having a motion of 
rotation upon his axis is somewhat obscure. The planets revolving round a central 
body, the source of light and beat, rotate upon their axes in onler to bring the various parts 
of their surface under the action of the solar beams. But the reason will not apply to a 
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luminary independent of other bodies for these elements, and distributing them to a train 
of tributaries. It can only be said that activity is a general characteristic of the universe, 
that rotatory motion seems to be one of the universal laws of nature, and prevails beyond 
the bounds of our system, — the most probable cause of the phenomena of the variable stars. 

The solar sjiots are of nil shapes an<l dimensions. I'lie motion of rotation causes their 
ap]>earunce to alter to the oyv.. A spot seen directly in the middle of the disk is speedily 



impaired ns our view of it becomes oblique, 
and narrows into a line ns it is carried 
towards the western limb. It np]:>ear8 
nls(» a mere point at the eastern extre- 
mity, and gradually opens as the central 
regions are approached. The apparent 
direction of the paths described by the 
n the solnr surface is perpetually varying, 
le lK!gi lining of December they appear 
n straight lines, as in the figure, in the 
A a. Soon after this period these lines 
he inflected towards tlie north, and at the 
ement of March they assume the form of 
s representt‘d. 'I'he curvature afterwards 
‘s, and at the beginning of June they ap- 
in as straight lines, but with an incHna- 
•isely contrary to what it was six months 
Vfter this they begin to be inflected down- 
king the form of a curve at tlic commence- 
ment of S<‘ptemher, with its convri.v .sitle turned towards the south pole of the sun. By 
the beginning of December llu'v have exactly the same direction and inclination as at the 
antecedent tW'»‘lvemonth. 'riiese appearances are invariable year after year. They occur 
in the same order, and belong to all tlie spots that have been perceived ujM)n the solar 
disk, 'riiey arise sim|dy from the uniform rotation of the sun upon an axis inclined to 
the plane of the earth’s orbit. Li't a common terrestrial gloln* be taken to represent the 
sun, with the pole ineline<l iilHiut seven degrees from the zenith, and the wooden horizon 
placed horizontally in the same plane with the eye of a spectator. If the sjiectator then 
walks round the glolw% keeping his eye in the plane of the horizon, the cireles of latitude 
w’ill appear in his diflerent positions, straight lines, concave and then convex curves, and 
thus exhibit the phenomena of the varying yet orderly directions in which the s{K)t8 seem 
to traverse the solar surface. 

Intervals of some length have occurred during which the disk of the sun has been 
comparatively pure. This was the ease from the year 1650 to 1670, and in 1724 he 
likewise ap^ieared unblemisluHl. But fmm 1611 to 1629, according to Scheiner, he was 
never free from tarnish, except for a few days in Det*eml)er 1624. At a more recent 
date, scarcely a year has passed without sjmts being seen, many of w’hich have been of 
great magnitude. Hcrschel mentions one, the diameter of which exceeded fifty thousand 
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miles, more than six times the diameter of the earth. One of vast extent was olwervcnl 
on the last day of June 1830. Its diameter was estimated at twenty-three thousand 
miles, and being nearly circular, its area included about four hundml and forty-thnn* 
millions of square miles. The greatCvSt magnitude of spots mentioned by liU}duee is four 
or five times that of the earth. lJut both in form and dimensions they undergo rapid 
changes, stmictinies breaking into two or more. Dr. Wollaston observed one to hurst in 
pieces like a lump of ice thrown upon a hard surhiee. Few eontinue longer than six 
w'ceks before their final disappearance. While the sun has often been seen without spi»ts, 
at other times hundreds have Immui ct>untetl ; and their presence or absence has been 
supposed U) affect the terrestrial tmnperature, and conse(|U(mtly the fertility of tin? seasons. 
During the cold and wet summer of 1823, when tin* tluTinometer at Paris rose only to 
twenty-three degrees of Ucaumur, the sun <‘xhihit<‘d in» spots. But there were many in 
the years 1836 and 1837 when the weatlH‘r was unpropitious, and V(‘getation backward, 
while the excessive heat of the summer of 1807 was attcnd(‘d with solar spids of great 
magnitude. This was the cast* also with the year 1783, nunarkable for its fertility, for 
the dry fog which enveloj)ed the greater part of F.urope, followed by the terrible Calabrian 
eartlujuake. This collision of circumstances remlcrs it premature to suppost* luiy infimmee 
exerted upon the atmosphere of our globe by the exhibition or non-appearance of spots 
on the sun. 

Conjecture has been busy resp(*cting the nature of these upp<‘arunc(‘S, their cause, and 
probable indications concerning the physical constitution of tin? body to which they 
belong. The early obscTvers, indulging the. vagarii-s of imagination, supposed them to 
be the fuel of the solar furnace, or ashes floating on the surlace of an al>yss in a slate of 
ignition, or the smoke of volcanic exphisions. But the views first broacheil by Dr. Wilson 
of Glasgow, founded upon a minute observation of their peculiarities, now generally 
obtain.s among astronom<*rs. A spot consists of a dark nucleus. This is surrounded by a 
very distinct belt of a lighter shadi', called the umbra. (3eur indications appear that 
the nucleus is beneath the level of the .solar surface, and that the umbra is the shelving 
sides of the excavation. On being carried from the ceiitn; of the disk towards tin* sun’s 
we.steni limb, the umbra becomes impaired on tin; side mnirest the centre, and entirely 
disappears. Then the nucleus is nipped on the same side, contracts to a line, and altogeth<*r 
vanishes, while the umbra on the ojiposite side retains nearly its former dimensions. Tlie 
view exhibits this gradual change. The eye wdll at once perceive that these appearances 



are exactly those which depressions will present in the course of rotation. Ilerschers 
subsequent investigations have corrolmruted thi.s view of Dr. Wilson, that the spots are 
EXCAVATIONS in the luminous matter around the sun, the nucleus ladiig his dense and 
dark body appearing through the oj)ening8. He 8Uf>j>ow‘d his outermost coating, or 
visible surface, to be a luminous atinosphen?, fierhaps w;veral thousand miles in thickness, 
beneath which is another more dense and highly reflective, throwing back the light of 
the upper regions, and forming the sha<ly belt of the solar spots. In his interior physical 
constitution, therefore, that magnificent phantom, or globe of fire, which the ancients 
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conceived the sun to be, is, in all probability, an opaque substance, like the ground we tread 
upon. We know, too, that the atmosphere of our own globe is in a state of constant 
mutation. It is sometimes charged with clouds, which will completely hide the surface 
from view at no considerable distance from it. These are often rapidly rent asunder, 
gathered into distinct masses, and driven again into conjunction, affording transient 
glimpses of the earth to the adventurous aeronaut ; circumstances which are apparently 
analogous to the superficial solar changes, though comparatively upon a most puny scale. 

If this view of the constitution of the central globe be correct, there are strong 
resemblances between the sun and the bodies circulating around him. He bears a family 
likeness to our world in his opaque mass, rotation upon his axis, and rotation in the same 
dii’eciion. In fact, according to Ilerschel, the sun appears to be nothing else than a 
very eminent, large, and lucid planet, evidently the first, or rather the only primary 
one of our system ; and because of this analogy, in regard to solidity, atmosphere, and 
diversified surface, he w’as led to infer that it is most probably inhabited by beings whose 
organs are adapted to the peculiar circumstances of that vast globe. We feel it difficult 
to embrace this conclusion, from the fact of his rays producing here, at the distance of so 
many millions of miles, a heat so considerable, that it must be intense and insufferable 
beyond concej)ti(m on his own surface, inferred to exceed two hundred times that of fire. 
Hut heat is only produced by the solar influence when it comes into contact with a 
substance that combines with it. Various experiments and familiar circumstances prove 
this to be the case. If the solar radiation collected in the focus of a powerful lens is 
thrown into the air, and continued there for a considerable time, no sensible heat will 
afterwards be perceived at the place, though had the most incombustible object been 
exposed there, such as gold or platina, it would have been fused. The eternal snow rests 
upon the summits of high mountains, which receive the direct influence of the sun’s rays, 
while in sheltered parts of valleys below, receiving only their indirect influence, there is 
overpowering heat. The higher in the regions of the atmosphere an aeronaut ascends, 
the more intense is the cold, though there is nothing to interrupt the solar influence. 
Heat, therefore, is only generated by the sun’s rays, when they unite with caloric, or 
heat in a latent state. Wc may conceive, then, the temperature of the sun’s luminous 
atmosphere to be greater than that of any artificial heat which chemistry or galvanism 
can produce ; yet his material may be so modified, as to be incapable of any chemical 
combination with the rays of the brilliant atmosphere without, beyond a certain extent, 
and if so, a temperature consistent with animal and vegetable life may there exist. 

It is not however unlikely that the umbra of the solar spots, — the stratum of dense 
clouds below the vividly resplendent visible surface of the sun, may officiate to moderate 
the effect of the exterior atmospliere. Sir John Ilerschel, referring to that inner curtain 
of the mighty orb, remarks, “ That the penumbral clouds are highly reflective, the fact of 
their visibility in such a situation can leave no doubt.” They may thus serve the pur|>ose 
of effectually defending the solar btxly from the insufferable light and heat of the outer- 
most surface, furnishing the solid nucleus of the luminary with a moderate temperature, 
by their friendly interposition. But wholly independent of being “ a quiet habitation and 
a sure resting-place” for intelligent existence, the vocation of the solar body in the 
universe is an illustrious one, balancing the planets in their spheres, diffusing to them the 
light and heat which upon the terrestrial surface give beauty to its landscapes and 
fertility to its soil. 

In the class of solar phenomena. Eclipses of the sun are always interesting, and 
sometimes imposing events. Few occurrences have given rise to more anxious feelings in 
the human breast, or have been watched with more unfailing curiosity. We are so fan^ar 
with their physical causes, and can predict with such nicety the time of their appearance. 
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that it is impossible for us to estimate the impression they would make upon the ignorant 
mind, transpiring under circumstances favourable to their full cfteet. "Jo Iwhold the 
sun, after shining in all its glory, apparently lose a part of his disk, iK'come more indented, 
and then entirely invisible, while jx^rhaps not a cloud has appeared upon the sky to 
account for his change of aspect ; to vritness nature in the clear day suddenly invested 
with an unaccountable gloom, the larger stars becoming distinct^ and the brute creation 
exhibiting symptoms of restlessness and alarm ; to feel a chilling cold supplanting the 
fervent heat of noontide,— -these are peculiarities calculated to excite the consternation of 
uncivilised tribes, as well as of nations unacquainted with their true natural explanation. 
They have accordingly arrested the tide of battle, and per})lcxed monarchs with fear of 
change. In the first year of the IVloiwnncsian war, on a summer afternoon, there was 
an eclipse of the sun that was nearly total. Thuc^ydides states, that the sun looked for 
a time like the crescent of the moon, and some stars appeared, but the full orb shone 
out afterwards in all its lustre. Pericles, according to Plutarch, was then on board 
his galley, about to proceed on a warlike expedition ; and it required some address on 
his part to quiet the apprehensions of his troops, who looked upon the darkness as an 
unfavourable omen. Not many years afterwards, when the Athenians were in desiHiratc 
circumstances in the harbour of Syracuse, and had resolved on rt'tiring, an eclipse of the 
moon happening at the hour appointed lor the retreat, excited their alarms, caused a 
delay, and led to the destruction of both i\vvi and army. Columbus onc<^ rescucfd himself 
fmm circumstances of great dillieulty, when in want of provisions which the .Jamaicans 
refused to supply, by means of a lunar eelipse. Knowing that it was nigh at hand, he 
announce<l it to them as a tokitn of the anger of the (jreut Spirit on iwcount of their 
inhospitality, which hud the desired cflect when the heanliful orb began to he impaired. 
Chronology has derived much valuable assistance from the connection which superstitious 
fear has recorded Ijetwccn particular events and these phenomena, for eelipses may be ' 
ealculatcd thousands of years backwards with the saimj precision ns forwards. 1 bus the 
coincidence between a total eclipse of the sun, a rare occurrence in the same region, and 
tlie battle between the Lydians and Persians, establishes the date of the latter ; and tin; 
very day on which the great battle of Arbcda was fought is likewise known from its 
taking place eleven days after an eclipse. 

A solar eclipse is occasioned hy the dark laxly of the moon interposing between the sun 
and the earth, and deflecting a shadow upon the latter. The shadow cast by an object is 
merely an interception of the light of some illuminating body, and has its shajie and extent 

dc'termincd by the form and relative magnitudes of the 
two. If the moon were as large os tli<j sun, her shadow 
would be cylindrical, like the first figure, and of an unli- 
mited length. If she were of greater riiugriitude it would 
rcscimble a truncated cone, the diarnetfrr and l<;iigtli in- 
creasing to an indefinite extent, as in the sce(xid figure ; 
but being immensely inferior to the sun, she projects a 
shadow which converges to a point, like that in the third 
figure. This shadow, at the distance, of the earth from 
the m(x>n, can never be more than alK>ut a hundred and 
seventy miles broad; and consequently the sun can never be totally eclipsed at the 
same instant over a greater extent of terrestrial space. But as the earth is contumally 
moving, the shadow is a passing traveller, and sweeps over it; no total obscuration 
of the sun lasting longer at one spot than about eight minutes. Although the limits 
within which an eclipse is total are very circumscribed, it will be more or less par- 
tial over an area having a diameter of five thousand miles. In the diagram, lines 
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drawn to the earth from the upper and lower limbs of the sun and moon define the conical 

shadow projected by the latter, or the umbra, 
which, wherever it falls, occasions a total ob- 
scuration of the solar orb. Similar lines drawn 
to the earth along opposite edges of the two 
bodies define the limits of a fainter shadow, or 
the penumbra, caused by the moon only hiding 
parts of the sun’s disk; and, within the space it includes, the eclipse is more or less partial, 
according to the situation of an observer. 

As a general rule, it may be 8tat(‘d that an eclipse will diminish in magnitude about 
one digit for every two hundred and fifty miles from the centre where it is total — a digit 
being the twelfth part of tli<* solar or lunar surface. The lunar shadow^ may, however, 
terminate, when the earth is in a direct line with it, without reaching its surface. When 
the sun is at his least distance from us, and the riKxm at her greatest, the shadow will 
fall short of our globe by about twenty thousand miles, though when these elements ai*e 
reversed it is sufficiently long to (extend nearly the same distance Iwiyond us. In the 
former cast* the sun has his greAt(*st apparent diameter, and the moon her least. She is 
unable, th<*refore, to cover his entire face, and a]>pearfl j)rojected upon his disk, with a 
slender ring of dazzling light around her dark body. This is termed an annular eclipse, 
from the Latin, auntihts^ a ring. 




Annular EcUpM*. 

An annular eclipst' is a rare occurrence. The lust, on the morning of October the 9th, 
1847, was very imperfectly observed owing to cloudy weather. 

There may be five sulur eclipses in a year, and the least number which can take place 
is two. As the moon pusses through that {>art of her orbit which lies between the sun and 
the earth once a month, we should obviously have, un eclipse every month, every^ new moon, 
if she moved in the plane of the earth’s orbit ; — this is however not the case, the lunar 
path is inclined to that of the earth. She is almve it during one half of her course, 
and below it during the other, crossing it twice a month at two opposite points, called her 
nodes. It is only when the moon is between the sun and the earth, at or very near her 
node, that is, w'hen her path cuts the plane of the earth’s orbit, that she intercepts to us 
the solar light, and eclipses occur ; at other times, she passes either above or below the 
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8un as seen from the earth, niul the earth passes ulwve or Mow lier sliailow. Owinjr to 
the irregularity of the m<R>n*s motions, she does not cross the plane of the earth’s orlfit at 
the same point in every n»volution, but tliest* points shift through a certain interval, after j 
which the same change is rc^jxMiteil, and the siiiiic cycle of eclipses (H‘<*urs. This interval j 
is eighteen years and alwut eleven days, a [H*ritKi early diseov(*re<l by tho Chaldean | 

; astronomers, and used for the purpose of fon*t<*lling eclipses. Thus, on the sixth of May 
I 1845, there will be a solar eclij)se, and if we add to tliis era the ecliptic |H‘nod just nann‘d, 
we are carried on to the seventeenth of May iHtul, which will Iw llu* c|HH*h of another. 

The complete [writKl is 65H5 days, 7 hours, 42^ minutes nearly. Hut though the eclipH<*s 
of each cycle correspond, and may la* regarded as ideidicat with respect to the earth in j 

general, they vary in tlieir ap]>earances, and as to the lo(*altties in wliich thc‘y are visible. | 

There was an <*clipse of the sun visible at the n(»rth pide in the inontli of thine 1295, but 
ever since, it has In'cn preceding more southerly. It made its first appearanci* in the north 
of Europe in August 1367. It was central in London in HiOI, which was its nineteenth 
return ; and nearly so again on the I5tli of May iK.’Ui, its thirty-second appearniice. At 
its thirty-ninth return, in August 1880, tin* lunar shadow will fall south of the equator, 
and continue recc‘ding from it, until its seventy-eighth apiR*arnnee will be at the south 
I pole, on the JlOth September, 2665. 

i Baily prepart'd a table of all the eclipses of the sun tliat will he visible in this country 
I during this century ; only thoH<* are here taken from it which will impair more than half the 
1 solar surface. The time and number (»f digits nrv calculnti il for tin* niiildle of England. 


Year*. 

Day ami Hmtr. 

! 

Dltftu 

Kdipwa. i 

Year a. j 

Day amt Hour. 


DiglU 

{S'}.? 

May 

Octolier 

fid 8)i 

A. M. { 

fiO l.V ji 

lKfi7 

March 

fid 

Hh 

A. M. 

8® 49' 

1847 

9 fi 

A. M. 1 

11 o 

INTO 

Dm'iiilK'r 


il 

A. M. 

9 8fi 

18.51 

July 

‘J 

.• M. 1 

9 48 i 

1874 1 

Ocltthcr 

10 

9 

A. M. 

fi 18 ; 

1858 

March 

15 11 

A. M. ! 

1 1 !M) 1 

1887 i 

August 

19 

8 

A. M. 

I I .58 

18«0 

18«5 

July 

OcUiIht 

18 ‘J 

19 4 

1*. M. j 

l-.M. . 

9 1 ‘2 1 

_ li 

19<X) 

May 

I 

y8 

8 

P. M. 

K 0 


The appearance which Nature puts on during a fidl solar eclipse is slartHiig ami j 
mournful; and henc<! the idea was general, in ages of ignorance, that tlui I’vent was ; 
premonitory of real disaster. Virgil expresses the common opinion of Ids time with | 
reference to Mar changes — 

♦* 'n«e sun rev<-al.s the necrets of the >tky, j 

And who iliires give the Miurce of light the lie? . 

'Hie ehttngo of LMii|iires often he declarer, i 

Fierce tumults, hidden Ireownn, o|>e»» wars, 
lie first the fiite of ( a-sar did foretell, 

And pitieii Home, when Home in ( awir fell.** 

i Tlic last total eclipse visible in I^otulon was in tlie ri i^n of George 1. ; anil tlii re bail 
I not been one seen in that locality since tlic time of tbe first Plantagcnct. Halley bus 
left on record a striking account of that of 171.5, from tbe pen of a corresfsiniicnt, who 
observed it from an eminence on Salisbury Plain. 'I’lie account states: — “It was tbe 
most awful sight I had ever beheld in iny life. Wc looked in vain for the town of 
Amcsbnrjr, sitnated below us ; scarcely could we see the ground under our feet. The 
instant the eclipse became total, till the emersion of tbe sun, wii saw Venus, bM no rtlier 
stars. We perceived at this moment tbe spire of Salisbury cntbedral. The clouds 
not dispersing, we could not push our observations further: they cleared up, however, 
considerably towards evening. I have hastened home to w'ritc this letter. So deep an 
impression has this spectacle made on my mind, that I shall long be able to recount all 
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the circumstances of it with os much precision as now.” The eclipse of September 7th, 
1820, the most remarkable that had happened for half a centuiy, excited extraordinaij 
I interest in the south of Europe, where it was annular, and though not so here, the 
i House of Lords was left almost deserted to observe it at the time when the solicitor- 
I general was summing up the charges against Queen Caroline. The eclipse on Sunday, 

; IMay 15th, 1836, was also of considerable magnitude; and though its effect was greater 
on the temperature than on the light, Venus was distinctly visible to the naked eye. 

■ The last total eclipse in southern France and northern Italy, that of July 8th, 1842, 
which led Schumacher to Vienna, Arago to Perpignan, and Airy to Turin, is described 
I as having been a singularly striking and solemn spectacle. “ Yet a moment,” wrote an 
observer, “ and on a sudden, an effect took place — unexpected and sublime. The whole 
aspect of heaven and earth underwent a change, with regard to light, shade, colouring, 

; and everything ; and the instant that preceded the total eclipse resembled in nothing, 

: and gave no idea of that which followed it.” The number of stars which then appeared 
at Perpignan, according to Arago, was ten, but a greater number was observed at Mont- 
! pelier and Milan. The effect produced upon some animals was remarkable. Oxen 
j formed into a circle, witli their horns thrust forward, as if to repel an enemy. Bats and 
I owls appeared — sheep lay down as if for the night — and horses in the fields were in terror. 
M. Fraisse, a naturalist, relates, that a swarm of ants in full march stopped short at 
the moment of occultation. There will be no full solar eclipse visible in England till 
February 3, 1916. The last was in 1715, coeval with the first rebellion in behalf of the 
Stuarts. Its predecessor, in 1140, was contemporaneous with the second Crusade. The 
retrospect leads to the anticipation of change in the future, in the condition of nations, 
yet change which we have stronger warranty than our fathers had to believe will be in 
harmony with beneficial Progress. 

A delicately luminous cone is sometimes seen accompanying the sun, extending from 
the horizon oblicpiely upwards in the direction of the zodiac, and, therefore, called the 
I Zodiacal Light. It appears before sunrise and after sunset, but is never seen by us so well 
I defined as in the equatorial regions, though it may frequently be discerned after the evening 
j twilight in Marcdi and April, and before the morning twilight in October. Tlie zodiacal 

light resembles in appearance the 
tail of a comet. The faintest stars 
shine through it. Its colour 
varies according to the state of 
the atmosphere, but it is generally 
of a pure rose tint. The bright- 
ness also varies, and some years 
it has never been seen at all. This 
has been the case during those 
years in which the solar surface 
has been most free from spots. 
Keppler appears to have been the 
first who noticed this phenome- 
non. Afterwards Cassini observed 
it, and when Humboldt was tra- 
velling in South America, he had 
several distinct views of it at Ca- 
raccas. Its extent from the sun, 
situated at its baae to the vertex, 
varies from forty-five to one hundred and twenty degrees. It has been coqjectured that 



ZodUcal Light. 
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this is really a luminous atmosphere of the sun, reaching beyond tlic orbit of Mercury, 
and that it derives its form, — that of a long and narrow ellipsis, only the half of which 
we see, — from its rapid revolution with the sun on its axis. But the most ciiiinent 
authorities differ concerning it. 

The decline of the sun to the horizon is as imposing a spectacle as his advance to it, 
when the atmosphere favours the exhibition of his descent The most gorgeous sunsets 
are those of the West Indies, during the rainy season ; the sky is then sublimely mantled 
with gigantic masses of clouds, which are tinged with the glare of the descending luminary, 
and which seem to be impatiently waiting for his departure in order to discharge their 
pent-up wrath on the bosom of the night In the South Atlantic the sunset has a milder 
and more sober aspect. In the Eastern tropics it has generally an overpowering fierceness, 
as though the last expression of the solar heat should be the greatest But during the 
summer, in temperate latitudes, there is often a senmely beautiful horizon, a mellowness 
of light, together with a rich and varied colouring on the sky, which combine to render 
the European sunsets far more attractive than those which are intertropical. The milder 
radiance of the “ great light” in parting from us presents a picture to the eye of the 
sentiment of the All-Mcnuful, “ Again, a little while and ye shall see me.” And how 
open to observation are wise (^mtrivnnce and bountiful I)(,‘sign in the unvarying position 
of the sun in the centre of the system, and theaxical rotation of his tributaries, which not 
only guarantee the regular return of tlu*ir surfaces to his presence, but the undiininished 
power and splendour of his beams ! If, instead of an instant creation, we suppose the 
masses of the sun and of the planets to have boon gradually formed, under control of the 
law of attraction, the question still arises, how it came to pass, that the self-luminous 
matter was collected into one mass at the centre, and not gathered into many masses like 
the matter of the planets. So striking did this circumstance appear to Newton, that he 
remarked in his first letter to Bentley : “ I do not think it explicable by mere natural 
causes, but am forced to ascribe it to the counsel and contrivance of a Voluntary Agent.” 


CIIABTEU II. 

ME liC UU Y — V EN US — THE K A UTIl. 

To a superficial observer of the heavens at night when the moon Is absent, only one class 
of objects will be apparent — the stars. But a little attentive observation will discover 
other bodies, which, besides faking part in the apparent revolution of the celestial concave, 
will be found to have independent movements. They seem stationary at intc^rvals, then 
in motion from west to east, and going back again from east to west, their positions eon- 
stantly changing in regard to the earth, to each other, and to the host of stars. Those 
peculiarities were marked in very early times, and in allusion to them the Greeks applied 
to such bodies the term planet, which signifies to wander. 1 heir course, capricious and 
uncertain to the ancient eye, is now discerned to be a direct and regular highway | and 
hence, if as yet they had received no general title, we should find one for them, expressing 
the prosecution of orderly rather than erratic traveL The planets are divided into 
primary and secondary. The former revolve round the comm^m centre of gravity in the 
system ; the latter officiate as satellites to the primaries in their great pilgrimage, and 
combine with it a revolution round them. The planets are also divided into inferior and 
superior, referring to their positions being within or without the path of the earth. The 
expressions are somewhat unfortunate, for the immediate idea conveyed by them refers to 



The paths of the planets are elliptical, as previously described ; but the ellipses vary 
to some extent in their eccentricity, or as to the distance of the sun at s, from the centre 
of the oval, which here represents a planetary orbit This 



distance in the case of Mercury is about seven millions of miles 
in that of Venus it is less than half a million ; in that of the Earth 
it is somewhat more than a million and a half; in that of Mars it 
is upwards of thirteen millions ; while in that of Juno and Pallas 
it is sixty-four millions and a half. The orbits of the planets 
arc more or less inclined to each other, instead of lying in the 
same plane. It may be desirable here to explain the meaning of 
Ilia oft-recurring phrase. Referring to the earth, an imaginary smooth and thin surface, 
cutting through the centre of the sun, and reaching out to the fixed stars, is the plane in 

which the earth moves in revolution round 
the sun. This is represented by the shaded 
part of the diagram. The stars to which it 
extends form the constellations of the 
zodiac, tlie circle a, b, c, d, being the 
ecliptic, which shows the sun’s place In the 
heavens as seen from the earth, or the 
earth’s as seen from the sun. The orbits 
of the other planets are in different 
degrees inclined to this plane, one half 
being below and the other half above it. If 
we suppose the shaded part of the diagram 
to be the surface of a basin of water, a ring 
held inclined so as to dip into it half way, 
will describe the relation between the plane 
of the earth’s orbit and that of another 
planet. The mean velocity of the planets 
in their orbits exhibits gi*eat diversity, those which are nearer to the sun being far more 
rapid than those which are remote. Saturn prosecutes his circuit at the sober pace of 
little more than twenty thousand miles an hour, while Mercury rushes on at a rate which 
is more than five times that sj>ced. The extraordinary swiftness of the interior planets 
is obviously necessary to counterbalance the pow erful attraction of the solar mass, which 
acts with diminished force upon the bodies that are more distant from him. 

Mercury, the nearest planet to the sun, is the smallest primary in the system, with the 
exception of the asteroids. It is the fastest traveller also, having a velocity in space 
which is nearly twice the rate of the earth’s orbital motion. It is the densest celestial 
body with which we are acquainted, supposed to be fourteen times that of water. A 
glol^ of lead therefore of the some volume, if weighed in the balances against its mass, 
would be found wanting. Yet notw ithstanding this remarkable density, if loosened from 
■the centrifugal force, it would require more than a fortnight for the planet to accomplish 
its dash headlong to the sun. The days and nights are about the same length as our 
*own ; but a whole cycle of seasons has been four times gone through, before the earth’s 
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spring, summer, autumn, and winter have once revolved. Owing to his near neighbour- 
hood to the sun, his orb will occupy seven times more space in the Mercurian heavens 
than in ours, and afford a light and heat which would be intolerable to our orgiuis with- 
out some modifying circumstances. We may, however, dismiss the idea of water always 
boiling at the suifface, and an ever-burning heat seven times greater than the fiercest 
experienced at our equator, distinguishing its material. The sensible heat at the 
different planets may depend chiefly upon their substance being more or less adapted 
to conibine with the solar influence ; there is nothing improbable, therefore, in the 
supposition that the nearest may be as cool, and the remotest ns warm, as the tempe- 
rate zones of the earth. Ilesidcs, it is a proud presumption to imagine the organism of 
the terrestrials to be the standard and model of finite beings. We are bound to admit 
that the great Author of existence can as duly attemper to every dwelling-place the 
physical constitution of its inhabitants, as obtains with reference to our globe and its 
population. 

The mean distance of Mercury from the sun is thirty-seven millions of mihjs. Ilis 
period of revolution, and conse<|uently liis year, occupies S7 days, hours and a 
quarter, though his restless flight in space is prosecuted at the rate of more than a hun- i 
dred thousand miles an hour — a speed which originated the name of the plnm*t, from j ! 
the swift-winged messenger of the go<ls. His rotation upon his axis is uccn]n))Iished in ! ' 
rather more than twenty-four hours. Ilis diameter is estimated to he 3140 miles. The ' 
volume of Mercury must therefore be increased upwards of twenty millions of times in I 
order to equal the sun in magnitude; but bis mass, if increased only two milliuns of j 
times with matter of the same density, would equal him in weight. I’he planet is an I 
evening star when eastward of the sun, and a morning star when westward of him, but 
is quite invisible to the naked eye, owing to the vicinity of the solar splendour, exeept 
at or near the time of his greatest (d^mgations. The telescope diseovtTs phases likt; 
the moon, and atmospheric indications. Some have ev<*n professi*d to disciTu irregu- ' j 
larities of outline, sup])o.s<Hl to express superficial elevations; hut of this we have no ! 
certainty. 

Astronomers have been sorely plagued in their observation of Mercury — a giddy planet ' 
— imperceptible generally, through a close attendaiK'c upon the sun — never at such a i 

distance from him as to appear in a dark part of the heavens — and going at a rate I 

through space, which is a perfect gallop when compared with the sober jog-trot of the 
earth. These circumstances, together with the smallness of the jdunet’s mass, and a 

peculiar quick scintillation, rendcT it a very ! 
diflicult object to examine. CofHiniicuH is said ! 
never to have seen Mercury through liis whole 
life, and Delanihre was only able to disefrm him I 
twice with the naked eye. The defaTiptiori of 
one of the old writers — a “scjuirting lacquey 
of the sun, who seldom shows his lieatl in these 
parts, as if he were in d<*ht*’ — however odd, is | 
yet cliara(!teri8tic. The planet may Im* caught \ 
for a short time before sunrise in autumn, and 
after sunset in spring, and appears to shine 
with a brilliant white light, being alternately 
a crescent, a semicircle, and gibbous. When 
between us and tlui sun, and at the same time 
in the plane of the earth’s orbit, Mercury transits 
the solar disk, and is seen as a small black B[>eck 

F 
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upon his surface, an evident proof that he shines with a borrowed radiance. The first 
transit ever observed was on the 6th of November,^ 1631, by Gassendi. To witness 
another in 1651, Shakerlaus undertook a voyage to Surat, and lost his life in Persia on 
his return. Halley enjoyed the sight of one at St. Helena, in 1667, and called attention 
to the important use which might be made of such plienomena in the case of Venus. 
Lalande, in his old age, remarks of that on November 8th, 1802:— The passage of 

Mercury over the sun’s disk was observed this morning for the nineteenth time 

astronomers enjoyed in the completest manner the sight of this curious phenomenon I 

was the more anxious to have a view of it, as 1 shall never see it more.” The event 
will occur six times during the remainder of the prestmt century at the following 
periods: — 

1861. Nov. II. 1878. May 6. 1891. May 9. 

1868. Nov. 4. 1881. Nov. 7. 1894. Nov. 10. 



The above sketch represents the passage of Mercury across the sun’.s disc, May 8ih 
1845, in the direction indicated, which commenced at nineteen minutes past four p.m. 
mean solar time, at (Greenwich, the sun setting to us with the planet as a speck upon his 
face. The last transit, Nov. 9, 1848, >vas well observed in England, the day being 
cloudless. At Bruges, Dr. Forster observed the planet eclipse one of the solar spots, and 
by this means, he estimated the circumference of the 8})ot to have been 30,000 miles. 

Venus. The nearest planet to the earth, and the second in point of distance from the 
sun, Venus is the most beautiful of his satellites, and brilliant of the stars. Like Mercury, 
she never adorns the midnight sky, nor has she ever been seen rising in the east while 
the sun was getting in the west, or on the meridian at either sunrise or sunset. This 
shows her path to be comparatively near the throne of the great luminary, from whom 
she never departs more than 48®, rather more than half the space from the horizon to the 
zenith, and to be interior to that of the earth, and exterior to that of Mercury, whose 
greatest elongation, or distance from the sun, is little more than 28®. In addition to this, 
she has been observed to eclipse Mercury, a clear proof of her position in space being 
external to him, an instance of which occurred on the 17th of May, 1737. Venus is 
alternately a morning and evening star, visible for about three hours after sunset, and as 
long before sunrise. As a morning star she was called Phosphorus and Lucifer by the 
ancients, and as an evening star Hesperus and Vesper. This bright herald of the sun’s 
advance to the eastern horizon, and his faithful follower to the western, were once sup- 
posed to be distinct bodies. Pj'thagoras is said to have been the first who proclaimed 
their identity. Obvious as this conclusion now is, it required experience and reflection 
to arrive at it. The Greek Phosphorus, or the light-hringery alludes to the office of the 
planet, when rising before the sun, she ushers in the day. The Pomans adopted the 
expression : hence, the invocation in Martial, I^osphore, redde diem, “ O Phosphorus, 
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restore the day.” As an image of the anticipated dawn of full mental illumination, the 
sacred writers introduce the day-star ; and it occurs as an emblem of mere human glory 
in the ode on the overthrow of the King of Babylon : — 

** Hov art thou fallen jfrom heaven, O Lucifer, non of the morning ! 

Homer compares the son of Hector to the star that gilds the morn, and the point of 
the spear of Achilles to the keen light of radiant llesper. Men of all ages, climes, and 
ranks, from the shepherd boy to the grave philosopher, have turned with interest and 
delight to this planet ; and whether examined as a telescopic (dyect, or contemplated with 
the unassisted sight, it is an inexpressibly lovely orb, and one that will always excite 
admiration. 

Venus is situated in the system at a mean distance of sixty-eight millions of miles 
from the sun, through whieli she. would fall in thirty-nine days and a half, if surrenderc^d 
solely to the attraction of his mass. Her periodical revolution is accomplished in 224J 
days, involving a velocity of 80, (KX) miles an hour. 'Fhe planet is rather smaller than 
our own globe, having a diameter of 77(K) miles. She rotate*s upon her axis in nlM)ut 
23^ hours. Venus exhibits alternattdy a fiiie thin ereseent and a se.inieirele like the 
moon, but she can scarcely be seen quite full, because wlien the whole of her enlightened 
hemisphere is turned towards us, she is either behind the sun or so near him as to be hid 
by the splendour of his light. The diagram represents the various appearances of the 
planet as she moves In her orbit, in the order of the letters. 


Bait elongation. 


Superior conjunction. 



Inferior conjunction. 


Weit elotigation. 


We first behold Venus as a morning star for a short lime, he.fore sunrise, soon after 
passing between the eartli and the sun at her inferior conjunction, when she appears 
crescent-shaped as seen through a telesco))e. She continues gradually to gain upon the 
sun, rising earlier and earlier, until her greatest angular distance westward has been 
attained, when she exhibits a semicircle, and shines with great splendour. Then the 
planet begins to return towards the luminary, making tlic same daily progress as in 
separating from him, rising later and later, diminishing also in brilliance, owing to the 
overpowering solar glory, in which she is lost at the time of her superior conjunction, 
being then behind the sun in relation to us. A few days afterwards Venus becomes an 
evening star, and is seen a short time east of the sun after his setting. She soon seems 
to have fallen considerably behind him, and continues to depart farther and farther, 
setting later every night, until her greatest elongation eastward has been reached, when 
she again exhibits a bright semicircle. The course towards the sun is then resumed, 
until she comes between him and the earth, sets with him, and is invisible, owing to the 
whole of her enlightened side being turned away from us. In a few days the phenomena 
of the morning star are repeated. Venus is seen to keep on the same side of the sun for 
a period of about two hundred and ninety days together. This seems at first sight a 
singular anomaly, as it is a greater interval than that occupied by an entire circuit round 
him. It i.H however at once accounted for by considering that the earth is proceeding at 
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the name time in the same direction, though at a slower pace. The planet accomplishes 
an angular motion of I ^ 30' per dayf while the earth follow^s at the rate of 59', and is thus 
gaiiifKj ujK>n by only 37' daily. But the two planets will obviously appear to keep on the 
«ime side of the sun, until Venus has gained half her orbit in advance, or 180®. This it 
will reqiiin*. ats)ut two hundred and ninety days to effect, as the difference of their daily 
rate, 37' x2W=: 10730'= 180^ nearly. It will be seen from the diagram, that at the 
time of’ th<‘ inferior conjunction, the unenlightened half of the orb is turned towards us. 
Did xhe prewmt in that position her illuminated side, we should see the planet as a small 
In'illiaiit nuNin, shining with twenty times her ordinary lustre, as she is then a hundred 
iiiid sixty millions of miles nearer the earth than when at the opposite point* As it is, 
however, she is onr liest friend among the stars, the most radiant of the host, and has 
ItetMi ohwrvfMl to cast 11 clearly defined shadow. 

'I'his plaiH't, lik<* Mercury, transits the siinVdisk, and then ap^icars shorn of her beauty, 
under tin* form of u dull dark s)K)t. These events arc of great interest, being remarkably 
rare, and of singular im{M)rtunce to physical astronomy, 'rhey ciin occur only twice in a 
century, because it is only twice in that time that any number of complete revolutions of 
Venus are just or nearly c(|ual to a certain number of the earth’s revolutions, and she 
passes her inlerior conjum'tion in a direct line lietween the sun and the earth, and in 
that position is in the plane of the earth’s orbit. A transit is a phenomenon of precisely 
the same kiml us a solar eclipse, and cK'curs under the same conditions, the different 
ap|M‘ftran(‘es of the two arising simply from the different distances from the earth of the 
inter)M»sing bcMlies laMweeii it and the sun. The passage of Venus across the sun’s disk 
is of itnportanco, as furnishing the U^st means of ascertaining his distance and volume, 
whicdi supplies data for d(*termining the distances and magnitudt‘s of the planets, and is 
in fact a universal standard of astronomical mcasurcimmt. It >vns the sidution of this 
)»roblem that led the Kuropt*an governments to fit out ex|M‘nsive expi>ditions, at the last 
transit of Venus in 17fi9, for the purpos«‘ of observing it at different stations; among 
which was the celebrated voyag<‘ of (^iptain C\H)k to Otalndte. 'fhe next transits will be 
ill lH7d and 1882. 'fhey will be anticipated and provided for, Ik* observed w’ith bc'tter 
instruimmts than on the Inst vM-casion, and be watched w ith a solicitude more wdde-spread 
than has ever bc«*n excited by any natural phenomenon since the w orld began, in order to 
verify or correct hiriner results. For more than a hundred times in the lapse of ages, 
the planet accompli sIkmI her passage across the solar disk, undetected by mortal eye. The 
first transit cvit known to have In'cn seen by any human ludng cH*curreii December 4th, 
1639. 'fhe place of observation was an obscure village in the iieighbourhfKKl of Liverpool. 

I The observer was a young scholar of the name of Ilormcks, w ho died at the early age 
! of twenty-two, and left memorials behind him, which sufficiently indicate, that had his 
; life l>een pndongiHl, he would have be<*ome one of the most eminent men of his time. 

Without much assistance from biKiks and instruments, he found that a transit might be 
j ex|RH*tod at the time inentioiuHl ; and confident of the result, he prepared himself to watch 
: it, with all the carefulness and enthusiasm of a scholar ambitious of lieing the first to 
: predict and witness a celestial ap|>earancc that had never been obsfTved by man. He 
i waittnl for the issue with anient anticipation, and the event realised his expectations, 
j of which he wrote an account entitled, “ Venus in Sole visa,” which was aflerw^ards 
I printed by Ilevelius. Tlie planet ap|ieared on tlie sun at the time calculated. But it 
was Sunday! The interesting remark occurs concerning the season; — “I observed 
from sunrise till nine o'clock, again a little before ten, and lastly at noon, and from ont 
to two o'chvck, the rest of the day lieing devoted to higher duties, which might not 
be neglected for theet? |>astimes.” 

ABer the present centuiy, the planet will not transit the sun’s disk during the centnry 
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following; but will do so June 8. 2(K)4 ; June (>. 2012; I)ecemlK*r 1 1. 21 17 ; l)fi*i‘i»b«‘r 

8. 2125; June 1 1. 22 17 ; and June 9. 2255. 
• In I he year 1845 Venus was in etuijuneiieii 
j with Jupiter in April, niul with Saturn in 
; IhH'eniher, having the same longitude. Her 
conjunction with the latter, on the lOth of 
that month, took place in the eoiistellatioii 
Caprieorniis, when the two planets were 
seen as in the unnext*d neein^ through an 
i inverting telescope. 'rhese celestial up* 
pn^ximntiiUis wert* supposed to indicatt^ 
. terrestrial cliangea in tiiiie.^ of igiiorutun^ 
; and were so interprete^l l»y the astrologers, 
j A conjunetion of the five great planets lo(»k 
j place ln‘tweet» the wheat-ear of tin* eoiistidlH- 
i tion Virgo and Lihni, Sept<Mnher 15. llS'i. 
It will Im* ages Indon* they ail eolleei again 

- in that pari of llie 

heaTens. Venus, Jupiter, and tlie. Moon, were in eoiijnneiion 
in Ua), when the peace of IHOI was pnadaiined at raris, a eir- 
cumstance. which was not overhmked by the Huperslitious. 

Hut little is kintwn of tin* phy^ienl eon>titntion of Venus, owing 
to the intense splendour witli whieh slie shines. 'I’lie existeiiee of 
a eonsiderahbi atmosphere is inferred from the up{H‘araii(‘e of a 
pfMuimbral light round the planet during her transits us wfU as 
from a faint radianec observed to streteb beyond her direetly 
illuminated bc*misplier<*. The line in the atiiiexiMl uppermost 
figure murks the iMiundury of the direet iiifliieiiee of the sun’s 
rays; and the iipjMT and lower projeetioiis Inyoiid it show tin* 
twilight, whieh is referred! to atniospioTie refleeiion. Variahle 
and fleeting spots have also Imm*h rejH*atedIy iiotieed, as in the 
second figum*, whi<*h nuturully leads to the Hiippo.-itioii of uit 
; atmosphere charged with ehnids and vapours, w it b water ti|H)ti 
the surface, from which they are formed. 'Fhe eonelusioii that 
i ahe haa mountains and valleys rests u|i<»n the fact that the edge 
; of her enlightencil part apftears shaded, that her corners are 
I sometimes obtuse;, and present a luminous |M>iiit apparently de- 
i tached from the planet. SehnH*ter regarded this us the summit 
i of a high mountain, illiiniinat«Hl hy the sun aft4T he had <*eHSi*d 
I to be viaible to the n;st of that hemisphere. If the^u' eoiudu- 
sioiis may be depended u(Kift, and they are warmntf^l l»y strong 
evidence, Venus prestmts striking [mints of analogy to the eoii- 
stitution of the earth. An atmosphere n*fl«fcting light, the 
medium of sound, and a highway for ** fire and hail, snow and 
vapour,” — a superficies exhibiting the divfuwittes of land and 
water, hill and vale — these arc some of her prfibable atlrihufcs,' 
features expressing a family likenffss to our glolie, and indicuting 
I the action upon her surface of that mighty upheaving agency, 

; which, in bygone ages, piled the Alps, and reared the ramparts 
I of the Himalaya. 
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The Earth. We now come to the abode of Man — the cradle, the home, and the grave 
of our race for a jmshcmI of six thousand years — the third planetary body in point of distance 
from the central sun, and the first in the system of which we have certain knowledge of 
itfl being dignified with the presence of an attendant orb. The introduction of our globe 
to a place among celestial objects involves an apparent contradiction ; yet such is its real 
character in the constitution of the universe, and such is its obvious aspect as viewed 
away from its surface. 'J o rustic ignorance it will seem a statement palpably absurd, 
that any affinity exists Iwitween the earth and the stars in the firmament. They are 
mere p<»ints of light in the sky, and have no perceptible dimensions, whereas our world 
ap|Krars of i in ineasii ruble extt nt, and exhibits no luminosity like theirs to the eye of 
Herifie. It fHMuns, too, a jK*rfectly inert mass. There is no movement discernible inde- 
(Mmdent of that of the rivers flowing in their channels, the seas tossing in their bed, and 
the forests bending to the gale, while the celestial Ixwlies appear in constant procession 
from place to jilace in tin*, concave of the heavens. There is nothing, however, more 
Husceptihle of demonstration than that the obvious state of our globe is not its actual 
condition — that the apparently quiescent habitation of mankind is an unceasing traveller 
in space — that its opaipie mass exliihits the same luminous aspect to the nearer planets 
which they present to us — and that in structure and economy the earth is in fraternal 
relationship to the celestial host, and may la* deiiominuted, with perfect propriety, a star. 

Physical science, in tlu^ three departiiumts of astronoiny, geography, and geology, deals 
with the mass of our globe. The former is chiefly concerned with its figure and magni- 
tude, its atmosphere and motions. 

To the eye the wirth appears an immense plain stretching out in all directions to an 
indefinite extent This was the current 4»pinioii of mankind resjMJcting its form in early 
times. But a few siinfde facts prov<* the suggestion of the senw*s here to be erroneous. 
The liiiiU of vision to the traveller upon an extensive level, or to th(^ mariner at sea, is a 
well-defined circle of which the observer is the centn* ; and it may be geometrically 



proved, that this ciftolar hcHiion is a certain indication of the circular figure of the body 
to which it rdaleo. In any diretnion in which a sltip leaves shore, or approaches the 
coast, the vessel is observed as if gradually sinking in the ocean, or rising fitnn it— 
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! evidenoe of tbe convexity of the water Ix^tween the eye tind the ohjeet. e alt«o liinh that 
I during a lunar eelipjwi the shadow projeettnl by the e-arth ii|k»u the disk of tlu* iiuhhi is 
always of a circular shaiw. The eoinwou cwcurreiice now of a voyage round the worhk 
proceeding in the same genend direction, east or west, and arriving at the saiue (K)int 
again, demonstrates the figure of the earth to he either that of a sphere or a cylinder j 
and tlie latter is disproveil, and the eonvexity i>f the surfuee shown, north and south, h)' 
the gradual diH:linution or ri>e of the north and south eireutnjtolnr stars, as the iHpiator is 
approached or reetwled iVoni. Our terrestrial mansion, tlieri'fore, is a \asl mass of inultt'r 
of a spherical form like tin* planets whose rouml disks arc the objects of tolcseiipic 
observation. The spherical figure of the planetary htwlies — a result «»f the law of gravi- 
tation -o-is, on many ueeounts, the best shape tln‘y could have assumed. The Maine phe- 
nomena could not have lieen otlenMl to their surfaees, with the sanu‘ iiiuehinery, supposing 
any other form. Hud the earth been a rotating <*Ylinder, the s<»lar beams conhl not 
have reaeheil its two extremities together, or its general superfieies with either extivinity. 
Hut it is only an a|ipro\imatioii to tin* truth of its actual shapes t(» s[K‘ak of our world as 
having a spherical 1‘orm. It is n(»t a globe whose eireumferema* is everywher«‘ at an 
eipial (listan<‘c from the centre, a property essential to a sphere. A pna'css of reasoning 
led Newton t<i the eon<‘liision, that the eirele of the earth's daily rotation n|Nm its axis 
lH‘ing the greatest at the eepmtor, the e4mse<)ueiit greater aelioii tJieii' of (he eeiitrifiigal 
force would pnsluee a hulging (Mit of tin* surface in the ecpmUU’iul regions of a yielding 
mass, and a tlutt(*ning at tlie pole^; and this dednetion from the laws of forces has been 
proved to he correet by the aetnal measurement of the lehgths of degrees i»f the meridian, 
made with care and pneisiou by the ^•om!ni^.^ioner^ of various nations. Tin* eetTuiii coii- 
cdusioii obtain<‘d is, that our globe i> an oblate splieroid, an 4)range-shaped hall, eontpreHsed 
at the poles, and elevated at the (Mjiiator, having tin* following dimensions; — 

Diameter at the eijuator - . - 7b*J.V()4H iiiileH 

Diameter at the p(des . • . 7 hPJ)'14(1 — 

j The length of the axis (»f the poles is thus ulNuit twenty-six miles and a half leiw (liari the 
; diatneier of the e<piat«»r. It is highly improhuhle that any error of importanee i*xislM in 
; this ineasurement, tournh^d u|»on the prineiph- first employed l)y Kratosthenes, when he 
I attempted to determine the value of un are of the iinTidiun betw <*en Alexandria and Sytuie. 
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^ Sir Jobs Hersdi^ oosiideri it unlikely that tn mar to tlie extent of five Stiles cas 
subsist is tbe diameters; and the equatorial diameter gives an extent of nearly twenty* 
five tboesand siiles^ accurately 24,899, as the value of the equatorial circnmfemice. 

The earth has two |irinoipal motions, a rotation upon its own axis, and a translation in 
sp^e* We ean obviously have no ocular evidence of the diurnal rotation like that which 
we obtmn in the ease of the sun and some of the other planets, by observing the move- 
ment of spots upon their surface. But we have ample proof of the fact. There is 
absurdity upon the face of the ancient doctrine, that tbe daily apparent procession of the 
heavenly b^tes round the earth is a real progress — that a point utterly insignificant 
when oompared with the general aggregate of stars is a centre around which they 

( circulate ; and when we think of the inconceivable velocity with which they must travel, 
in order to coin{>aAS the immeasurable circles which in that case they describe, the 
absurdity heightens. The rotation of our globe is not, however, a doctrine based on 
i prolmhilities. The experiment of falling bodies descending in advance of tbe plumb line 
j is direct and |K>8itive demonstration of the fact, corroborated by the diminution of the 
I force of grn\ fty at the (Hpiator. According to Laplace, the chances are eight thousand to 
I orii? that iJie earth s(» nn'olves. The rate of the earth’s rotation at the equator, where the 
j circle of the circumference is the greatest, is about sixte^en miles a minute. Its velocity, 

I at thirty degrees of latitude, wiiich is below the most southerly point df Europe, is 
j compuhul ut fourtc^cn miles in the same time ; and at forty-five degrees, or about the 
j (Mtiitrc of France, it is (deven miles. Laplace has discussed the point with great care, 
i wiu'tlicr the rate of the diurnal rotation is liable to be perturl>ed, and the time of 
revolution afiected by tlic influence of volcanoes, earthquakes, winds, and currents in the 
i»t‘ean, and has demonstrated their effects to he altogether insensible. He has also 
cxamiiietl the f|ue8tion, whether a variation of the mean teiniwrature of the globe may 
j not liave influenced the velocity of rotation, and altered the length of the day. The 
j tcm}>eratiire at the IhiUoiii of detq) mines indicates a central heat. Geological appearances 
I also intiiimte a large portion of the crust of the globe to have once been in a state of 
’ fusion, and it is a well-known property of heat to cause the expansion of the substances 
into which it enters. Allowing therefore u former very high tcm]>erature, the contraction 
j of the terrestrial spheroid would be a consequence of its cooling down, the diminution of 
its volume without altering its mass, through the molecules approximating to the centre, 
causing then^by some change of velocity in the superficial rotation. We have no reason, 
however, to suppose, that any diminution of temperature has occurred, since man has 
existed upon the soil, sufficient to proiluce a sensible alteration in the length of his day 
and ttight All histoiy proclaims its uniform duration, age after age ; and Laplace, who 
first started this speculation, came to the conclusion, that since tbe time of Hipparchus, 
the imigth of the day has not been affected by the two-hundredth part of a centesimal 
second* How beautiful the arrangement of the diurnal revolution of our terrene 
mansioii l How bmgn the results ! The altmnation of light and darkness — the gorgeons 
noon — the calm glory of the eventide — the absorption and 
radialkMi of Hm trudc winds, uptm whose uniform direction and constant 

action the imv%«ilor leekom cm the breasred* the ociean. 
llie othmr |irilkd|»t cf our gkdic is its transbtion in space. This appeals not 

I to our sensei Uke the orhftal movements of the surronnding planets, but it is supported by 
irrefragable evidenoe. It eeooonts Pat the phencmicsooQoftteapparent annua! revolution 
j of the sun, as an actual trauf^ in a vessel on the water accounts for the apparent move- 
j ment of the banks of a rivii^ nr the shore of the sea. It satisfactorily explains the 
seeming anonudies of the plilietary paths. It has received direct confirmatton from the 
aberration of the stars, and may be regarded as established on the firm basis of demonstra- 
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tion. Raced at the distance of ninety-five milliona of miles from U,e sun, the earth has 
an wbit of near mx hundred millions of miles to travel over. This cin uit is t.crfonned 
at the m«n rate of sixly-eight thousand miles an hour. Supposing the inipulse tlmt 
appomts Uus path to be withdrawn, in sixty-four days and a half, the ter«;strial would 
^h with the wlar surface, and sink into its mass like a millstone in the sea, owine u. 
Its greater density. Tliat diversity of seasons which marks tiie year of our glolH‘ is the 
joint result of its movements, and of the inclination of its axis to the plane of its or!»it. 
Supposing one of the poles to be always pointed towai-ds the sun, us in fg, 1, then, not- 
j withstanding the daily rotation and the motion in space, the 

nigions from the jades to the equator would be one half in 

O KW <^^»stant light and the other half in constant darkness. Or 
sujiposing the etjuator always jKunted directly towards the sun, 
2, light and darkness wouhl alternate for equal times 
tliere would be ditfcrimt seasons 
at dilfertmt phu^es, but no elmiigt^ of seasons in every place as 
at jircsent. The axis is inclined 2.'i from a line perjKUidicular 
to the {dune of the orbit, and reriiuins constantly parallel to itself during tlie annual 
revolution. I'his arrangement causes the same jmrt of tin* gkdie to exjienenco days and 
nights of unequal length, and to receive the solar iiiHuenee in a mons or less oblique 
direction. The annexed view represents the earth in four dilfereiit parts of its orbit 











It illustrates the varying direction of the sun’s rays to the same regions of the gloln*, 
and the %^arying duration of the diurnal exposure to their action, and witiidrnwrnent IVoiti 
it. Thus, at the vernal and autumnal equinoxes, it will bf; seen, that the sun’s light 
reaches equally from pole to }>ole, so tliat each part of the surface is enrried liy the daily 
rotation into light and darkness of the same duration. At tin; summer Mdsticc, as tlic 
earth rotates, the whole arctic circle enjoys continued day, while, the north tenijicrate zone 
has not only long days and short nights, but receives the sun’s rays less tddiquely than 
at the former periixls, and consequently experiences an increase of lenifMTntur#*. A 
precisely opposite effect takes place in the same region at the winter Mdsticc. Ibmce arisc^s 
seasonal vicissitude with its resulting phenomena, the rep<ise of vegetation in winter, 
the renewal of the face of nature in spring, the manhooil of its j»rodu<?tions in summer, 
and their autumnal ripeness and gamering. 

There is a third motion to which the earth is subject, occasioning what is called the 
precession of the equinoxes. Wlierc^ver, in spring and autumn, the sun, in bis apparent 
annual course, crosses the equinoctial, or the circle of the earth’s equator extended to 
the heavens, there are the vernal and autumnal equinoxes. These pednto are found to 
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have a constant motion westward, at a very small yearly rate, but which efiects 
considerable alterations in a series of ages. To give a familiar illustration of the 
fact, we may suppose three roads to extend round the earth : one, running due east j 
and west, representing the equator or equinoctial; another, j 
pro(;eeding above and below the former, crossing it at two j 
opposite {Miiuts, representing the ecliptic ; a third, crossing the I 
first at right angles, at the points of intersection with tlie i 
scicond, repres<‘nting the prime meridian, or initial point of | 
longitude. W e may now suppose a carriage to be started along I 
the ecliptic from the common point of intersection, returning, 
after a complete circuit of the earth, not to the place from 
whence it started, but passing the equinoctial about a hundred 
hmIs to the west of it. The repetition of this at each circuit, 
the more westerly intersection of the roads, will illustrate the annual retrograde 
movement of the e.((uinoetial points, termed on account ol’ its effect in accelerating 
the time of the equinoxes, tliidr pnfcession, or going Ibrward. This movement, first 
obsfTved by Ilippandius, eniises a progressive increase of the longitude of the stars, 
and has been clearly siiown to In* a neei\ssary consecjue.nee of the rotation of the earth, 
combined witi) its elliptical figure, and the unequal attraction of the sun and moon on its 
polar uiitl (Kpmtorial regi(uis. 'I’he mass of matter about the earth’s equator being greater 
than at the poles, (Ik* former is more [mwerfully acted on l>y the law of attraction than 
the latter, which prodiKHjs a slow reeling motion of the axis tif tlie earth from east lowest, 
and the retrocession w'cstward of the equinoctial jmiiits. The retrogradation is at the 
raU‘ of about 50 J'' iu a year, or l^' in 71 J years, so that in a p(!riod of 25,000 years the 
equinoxes will accomplish a complete rt'vidution along the circle of the ecliptic. While 
the plane of the earth’s equator, or the equinoctial, thus experiences a constant displacement 
from the action of the sun and moon, it is a remarkable and w ell ascertained fact that the 
plane of the earth’s orbit, or the ecliptic, is subject to u slow annual displacement, which 
dimiiiiihes its obliquity, an effect due to the baiting which our globe endures from the 
other planets, chiefly from the attacks of Jupiter and Venus. In consequence of this, 
the tropics arewlowly and steadily a(>proaching the equincK'tial, so that the sun does not 
now come sti f»ir north of the equator in summer, nor decline so far south in winter, by 
nearly n degree, us be must have done at the cn^ntion. The obliquity of the ecliptic, or 
the angle which the plane of the earth’s orbit makes w'ith that of the equator, has been 
observed with care in dilfertnit ages, and the following results obtained. 


Eratosthenes 

Dale. 

230 n,c. 

. 

Obllqllity. 

23° 51' 20" 

Ptolemy 

140a.i>. 

- 

23° 48' 45" 

Ulugh Beigh 

- 1463 

- 

23° 30' 17" 

Ca.ssiiii 

- 1655 

- 

23° 29' 15" 

Flainstead - 

1600 

. 

23“ 29' 00" 

Bradley 

• 1750 

- 

23° 28' 18" 

Maskelyne 

- 18(X) 

- 

23° 27' 56"-3 

Airy 

- 1840 

- 

23° 27' 36"-5 


Thus, in the interval of two thousand years, the obliquity of the ecliptic has decreased 
by only 23' 43"’5, There is little ground, therefore, for the apprehension of the seasons 
being annihilated owrtng to the ecliptic coinciding wdth the equator, and equalising the 
length of our datrs and nights. T!»e event is far aw’ay in the womb of the future, even 
supposing the diminution to go on without cheek. But the theory of gravitadon tells us 
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that it will at length cease, and an increase of the ohliquiiy set iiu to decrease agaui and 
increase, oscillating about a iiieaii position within very restricted Hiuits. 

One of the most important attributes of our globe as a planet is tlie gusi‘ous envel(n»c 
that encloses it on all sides — the atmosphere — essential to the vitality of its organised 
occupants, man, brute, bird, and planU but chiefly interesting to the astronomer 

from its infliienee in displacing celestial phenonienu by 
its refractive |K»wer, and dilVnsing the rays ol‘ light so 
as to surround us on evi^ry hand willi visible glori<>s. 
The atmosphere rapitlly diminishes in density ns we 
rt^eede from the surface. 'Die diagram exhibits various 
stnitu of nir nesting upon the earth, the up}HT pressing 
upon the lower, and eunsing the interior to be more 
dense tlian the extt*rior strata. It is not known how 
high this elastic nu‘diiim extends, hut 

to limthtf 

*riu> ilifNnilt jiir on tiu* i<-‘(l-muiinuin'» lop," 

is an exp<*riment whieli slums the iitmospliere tt» be exceedingly rare at no greater lieiglit 
than what is reached hy many of the siipei tieial elevations of the earth. M, lliot and (iny 
Liissue nseended in a balloon mairly live miles — the greatest aliitmitr ever rejwhed hy 
man. Visible clouds, li<»wev< r, are sujiposed to be sonietinies twh'c that height, and 
atmospheric phenomena have luM*n noticed, eoneeivetl to have hiul an eh vulion of forty 
miles. Ilut the chief peculiarity of our [daiiei is llie pres<*iiee of a secondary laKly iis a 
satellite, reflecting to its surface the light of the sun in the nhsenee of his ibreet rays. 
It has indeed been supposed that Venus is similarly digiiilied, and we are not in 
circumstances to say positively that this is not the ease, either iti relation to her or 
Mercury, us such an attendant, if siiiall, might exist, ami have hitlu^rto eHeajK'd notice, 
owing to the position occupied hy those hodies. (’assini and otluM's have irniigined they 
perceived u satellite nltemling N’enus, but the observation bus not been verified. 

The terrestrial w'orld occupies a favoured place in the system, a position from which 
nearly all tlie sister planets are visible U» the naked eye. It will not he i*een itsejf by llie 
inhabitants of I ruiius, and be seureely perceptible to those t»f Saturn. As an inUu’ior planet 
: to Jupiter and Mars, it w ill appear (H easiomilly us u spot U|Mm the sun’s disk, fM:rfonning 
similar transits to llmse of \'euus and Mercury. Its great divisions of land and water, 
I the outlines of its eontiiieuls aiel seas, with its masses of ice and snow at the jades, will 
I be seen from Mars ; ami at the time of the inferior eonjunetion of Vi-nus, when she is not 
I more than twenty-six millions of miles removed from us, <iur ghdie will exliihit a full orb, 
i shining with great splendour through the wlade of her night. 
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CHAPTER III. 

THE MOON AND LUNAR PHENOMENA. 

I EXT to the greater light that rules the day, the most useful and 
‘ interesting to us of all the bodies in the universe, is the lesser light 
! that rules the night. The proximity of the moon, the relation in 
which she is linked to the earth, the power she exerts upon the 
ocean in drawing up its billows, and the great importance of the 
lunar theory to safe navigation, have intently fixed the eye of 
science upon her orb ; while the mild radiance with which she 
shines in the heavens, the advantage of her light to the terres- 
trial traveller, and the lH*auty and regularity of her changing 
phases, have elicited the admiration of barbarian and polished 
races. The unfailing performance within a definite period of a synodical revolution, or 
the cych‘ included betwetm each conjunction with the sun, when she is invisible, called 
synodical, from the Greek word signifying a coming together, has rendered the moon a 
convenient timc-ke(*per to men in rude states of society, and won for her the love and 
respect of siivage ti'ilM^s. Among the wandering liordes of the western continent, such a 
number of nuKins measures the duration of a journey, and the lapse of events ; and suc- 
cessive lunar appenrune(‘8 an* discriminated by eoineident terrestrial occurrences, as the 
wild-strawlH'rry m(»on, th<^ wild-rice gathering moon, the ice m(K)n, the deer-rutting moon, 
and tin; leaf-falling moon. Some of the sacred ceremonies of the Jews, in the early 
periods of their history, w'ere regulated by the sign of the lunar crescent in the heavens, 
and the rabbins n*lute, that persons were stationed on the tops of the mountains to watch 
for the first appearance of the moon, which ev(*nt was proclaimed by signal fires 
throughout the land. In all ages, the eye of man bus gazed wdth delight upon her face, 
whether in courtly or in rustic life, from old baronial halls or cottages obscure. The 
nuH*k splendour, tin* ejuietude. the fidelity, of which the luminary is a visible image, 
bc^witch the sens<*s, excite the imagination, and have originated some of the most cap- 
tivating strains of po<*tic description, among which the Trojan bivouac scene in the Iliad 
still stands |HH*rless. 

** 'Hii' tri>o)>s exulting xat in tinier round, 

And tieaming firex illumin’d all the grouml. 

As when the tntNin, refulgent lump uf night, 

(Per lK*aven H clear aiiire s|>readB her sucrtHl light ; 

When not a hn»ath disturbs the dei*p serene. 

And nut a cloud o'ercasts the solemn scene, 

.Ground her throne the vivid planets roll. 

And Stan unnumber'd gild the glowing pule ; 

O’er the dark trees a yellower verdure shed. 

And tip wiih silver every mountain's head i 
’fhen shine the vales, tlie rocks in prospect riao, 

A flood of glory bursts from all the skies ; 

Hie eonsetous swains rejoicing in the sight. 

Eye the blue vault, and bless the useful light.** 





An imaginary soliloquy, put into the mouth of Milton by a living writer, strikingly 
expresses the emotions of such a mind, U|Km first perceiving the curtain about to fall 
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between him and the resplendence of day and night, through the blindness that attended 
his declining years. “ Beautiful light I beautiful lamp of lieavcn ! what marvel that the 
blinded and benighted heathen should ignorantly worship thee ? What marvel, that a 
thousand altars, in a thousand ages, should have sent up their fumes of adoration unto 
thee, the mooned Ashtaroth — unto thee, the Kphesian Diana unto thee, the nightly 
visitant of the young-eyed Endymion? What marvel, that to those who knew not| 
neither had they heard of the One, Uncreate, Invisible, Eternal, tinnj shouldst have 
seemed meet Deity to whom to bend the knee, thou first-lKtrn oHspringof his first -creat^nl 
gift ! thou blessed emanation from his own etluTeal glory ! What wonder, when 1, his 
humble follower, his ardent though unworthy worshipptT — when 1, an honest though an 
erring Christian, do strive in vain to wean iny ht‘Hrt from love of tliiv ; indo<*tnnating 
my spirit, that I may kiss the nnl, with w'hieh 1 am assured, t<H> well, He soon will 
chasten me., in changing the fair light, that glorious eHsenot* in which my soul rejoiceth, 
for one black, everlasting, self-iinpurted midnight ? Yet so it shall Im\ A few more 
revolutions of these puissant planets, n few more mutations (»f the sweet returning w^aaorts, 
and to me there shall l>e no (‘♦lange again on earth fi»r ever! no choice U'tween the 
fairest and the foulest ! no difler<*fiee of night <ir <liiy ! <’lttirm in the rieh gorg<HiUMm‘ss of 
flowery summer, above the sere and luoiiriifiil uiitumn! m» cheery aspect in the piled 
hearth of w*intcr! no sweet commuiii4in with the buman eye eompassionate ! no inter- 
course with the great iiitelleets of old — dead, but surviving still in their sublime and solid 
pages ! ” 

U[>on first bi^eomiiig visible iu the course <»f a lunation, tlu^ mcMin is m>en wkiu after 
sunset as a thin crcwvnt in tlie west with its e<mvex sijle tttwards the sun. (iradually 
the breadth of the crescent incn*ascs, the inner curve is ehanged into a straight line, and 
she exhibits a complete half circle in the lieuveiis. Al’t«*rw'urds, the line lK‘ct»mcs a 
curvature again, bulging out in a dinTtion opposite to its former inelimiVion, and the 
moon is said to Ik; giblams, that is, bunched or convex. The curve turned from the sun 
continues to strengthen, and the. a[>parent breadth of the moon to incrcaw, until she is a full 
or circular orb, when a n^petitiun of the saim; phases in inverw; onler I'ommenccH. At 
length she ap)>cars like a fine thrcoil of light in tlu; mortiing, a little west of the rising 
sun, and for a few days she is lost Ui view, being in conjiinclitm w ith him. Tin; lunar 
phases clearly prove that the iimt(‘rial of the m<M»n is in itsitlf as dull and opufpie us the 
rock we gaze upon in our own w(»rld, that she shines hy virtiu; of the rcflccUrd light of 
the sun, a fact recognised in the earliest ages, and apparent from the different apptrar- 


ances presented hy those parts of her surface w hich are tiiriicd to and from his lM*ams, 
The earth appears in the diagram as the central Issly, with the iiUKin in eight diffident 

parts of her orbit, receiving the light of the sun. 

Og The oiit«Tim»st circle, exhibits the nppcarane<*s 

presented to u terrestrial s|M^ctnlor in eiwh station 
\ \ of the lunar gh)be, a crescent, a w'liiieirelc, gib- 
8 evident, therefore, that the 

^ J I satellite is not wlf-lurninous, otherwise she would 
^ j always Bp}>e 4 ir as a round full orh. After wilar 
O phenomena, the lunar phaws are the most lK‘auti- 
' • ^ ful celestial objects ; and but fbr their |)eriadical 
return and frequent observation, they would excite enthnsinstic ailmiration. If for 
long and indefinite intervals the earth was defKfrted by its nttendant, the renewal of 
the crescent moon would meet with a marked and gene ral welcome, like that which the 
inhabitants of polar regions give to the sun, when be apj»cur» aUive their horizon after a 


five months* absence from it 
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The oretoeni mocm presents a singular appearance in the sk^. Under fayonrable 
circumstances, the whole lunar circlet maj then be seen, the dark part appearing of 
somewhat smaller dimensions in proportion to the illuminated. The appearance is popu* 
larly described as that of the new moon with the old one in her arms. It arises fiom 
the light reflected from the earth to the lunar surface, hence called earthshine, and 
lumiere cendrh by the French, or ashy light, on account of its inferiority in quantity 
and brightness, to that which is directly received from the sun. It only serves to render 
the unenlightened portion of the moon very faintly visible ; and the dark part of her 
body appears disproportionate to the size of the crescent, owing to the optical illusion 
which the presence of a strong light creates, that of apparently augmenting the magni- 
tude of objects. Two causes contribute to render the dark portion of the lunar disk 
invisible in other stages of her progress : the increase of her directly illuminated part 
diffusing a stronger light, which proportionably nullifies that which is reflected from the 
earth ; and the actual diminution of the earthshinc itself. When the moon is a crescent to 
us, the earth is about full to her, and, consequently, more light is then transmitted from 
the earth than in other circumstances, which has the efleftt of then bringing that portion 
of her disk, not ex|K)se(l to the solar rays, into feeble visibility. The effect is not 
produced when the m(»on is half full, owing to the cause, for the reasons stated, being 
loss influential. 

The nifKin is situated in external space at a mean distance of 237 thousand miles 
from the earth. (ln*ut as this intcTval is when compared with terrestrial extent, it is 
only alKiut ^ ^ th part tlie earth’s distance from the sun, and little more than one fourth the 
diameter of the solar body. It is owing to this proximity to us, that she occupies so large 
wspuce in the heavens, for the lunar diameter is only 2160 miles. Our own globe is 
equal in magtiitude to forty-ninti such bodies, and the sun to near si^venty millions. If 
l(» 08 ened from the action of other forces, the earth and the moon would full together by 
the |)ower of mutual attraction ; hut the earth Inung not only the larger body but the 
most dense, and its attraction Iwing far the most powerful, the moon would descend to it, 
passing the intervening space in less than five days, our own planet courteously 
advancing alnnit the tlistnnce of its scMnidiameter to meet the satellite. To the lovers of 
Bingular coincidences, the following may hv acct‘ptul)le, rcsi)ecting the three bodies with 
which we arc principally concerned. 

lliameter of the MtHin, 2160 x 1 10 = 237,6(X), average mean distance from the earth, 
lliametor of the*Sun 870,320 x 1 10 =* 9o,73o,2(X), average mean distance from the earth. 
Diameter of the Karth, 7912 x 1 10 = 870,320, estiimUcd diameter of the sun. 

1 here arx.^ two |»n»jM‘r motions Indongiiig to the moon, besides the annual pilgrimage 
anntml the great central orb acccmiplishcd in company with the earth. If her place with 
rt^ferenee to a neighbouring star on anv clear night l»e a-scertained, the next night she 
will l)e found to have moved about 13*^ further eastward, and each night the distance will 
have widened, until from an opposite (piurter of the heavens she will appt*ar advancing 
towards the same proximity to the star. This proves her motion in an orbit round the 
earth ; hut great irrt'gularities Indong to it, which accurately to estimate is one of the 
most difficult problems and highest aehievemciits of astronomy. The lunar tour through ^ 
the heavens is accomplished in 27^ 7*‘ 43"» ID, after which time, she returns to nearly 
the same position in relation to the stars. But the interval between one conjunction with 
the sun and another, or her synotlical ]K?rio<l, the lunar month, is 29** 12** 44« 2*, because 
of her partnership in the orbital motion of the earth. To compare and reconcile the 
motions of the sun and moon with each other, bringing a certain number of months and 
years to coincide, was an object to which the ancients applied themselves with great caie 
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and industry. To Meton, the Athenian, the invention is ascribed, of tiie celebrated luni- 
solar period of 6940 days, supposed to be equal to 19 years, or 285 lunations. Tliis 
period called the Metonic cycle, was adopted in the year 432 B. c. It was published 
amid the applause of the Greeks at the Olympic gomes, who decreed a statue to the 
inventor, and declared him victor of the first class. The coincidence, however, is not 
exact, for 6940 days exceed 19 tropicol ycors by about 9^ hours, and exceed 235 lunations 
by 7-^ hours, an error which the Calippic period was designed to rectify, by the leap of a 
day in four Metonic cycles, or in an interval of 8i»venty*8ix years. This brought 940 
lunations into corresjjondence witli 27,759 days, within 5‘‘ 54'”, an inaccuracy which became 
important by accumulation in the civil usage of the |)eriod, and eventually entaihHl the 
necessity of the Gregorian reform of the calendar. 

While, in the course of her monthly circuit, the moon passes between the sun and the 
earth, and deflects a 8hnd(»w upon the latter, the compliment is returne<l in another part 
of her orbit, by the t^urtli’s sliu(h»w being cast ufM»n the face of the satellite. A lunar 
eclipse, as well as a solar one, would iM*eur every month if the moon revoIvtHl in the same 
plane wdth the earth, hut she ('scafK's the UTrestrial shadow owing to the inclination of 
her orbit 5 ° to the eeliptie, earrving her nlM>ve or Iwlow it, and only siifters an eclipw*, 
when, besides Iwifig in opposiiion to the sun. she is in or near the plane of the f»arlh*s 
path. The shadow of <mr globe is eomputed to l■x!eml H0(),(K)0 rnili's into spare. It is 
long enough, therefore, to romdi a ImmIv threo times tin* distance of the mmm. The 
dingram represents the immersion of tl»e Kalellite in it. 'Flie lunar glolx*, however, when 

wlioliv immersed, is rather ol»scured than 




hid from view, owing to the inflexion of 
the ruvs ol* light to her orb from the 
terrestrial atinospbere. She Hp|M»ars fre- 
quently of a dark copper colour, Wcaiise 
the red rays, whieli have the greatest 


momentum, are those which principally 


reaeli her. During the eclipse of September 2d, IH.'JO, the moon exhibited a deep 
blofsl-red hue, as seen from the metropolis. Up<»n eompariiig the. atibieiit observa- 
tions of eclipses rec<»rde«l by Ttolemy, with those of AlbiitegniuK in the ninth cen- 
tiirv, and (d* modern astronomers, Halley disc(»vered tlnr of’celeration of the mean 
lunar motion, a pheiioinemm whi<di Lnplaee referred to its true cause, that of a 
diminution of tlie eccentricity of the (earth’s orbit, owing t(» the disturbing forces of the 
planets. The terrestrijd cubit is gradually changing fnmi an ellipse into a circle, its 
eccentricity deerciasing at the rate of abcuit fc»rty-oiie miles annually, tberi*by aeeeleruting 
the mean motion of the mcKin ; and should the- ch-c reaw! proc-c-ed equably, the earth’s path 
will be reduced to a circle in 37,527 years. Hut, like all the other phenomena dei»ending 
on gravitation, there is redress laid up in store fc»r this perturlmtion, through the dis- 
turbing forc.t*8 of the planets Wginning to act in a contrary direction, whicrh will produce 
a change towards cjccen tricity in tin* e arth’s orbit, and proport ioiiably retard the mean 
motion of the moon. It may rc^quire tlnmsands of ag(*s for one part (»f this cycle of 
change U) transpire ; hut the fact itself is not without intc-rest to us, as one of the raciSt 
sublime and beautiful results which the mind has iiiosterc^d, and an illustration of the 
permanence of the system under all its disturbances. While lunar wdipses have thux 
been watched by the eye of science, and knowledge enlarged by their means irospecUng 
the condition of the system, they have created no small alarm among bwUmn races. 
The Landers give an interesting account of an #?«lipse of the moon. Sept. 2. 1830, dunng 
their Stay at Boossa in Central Africa The earlier r^^rt of the evening had been 
mild, serene, and remarkably pleasant. The moon had arisen with uncommon lustre. 
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and being al tbe full, her appeirance wa» extremely deltghtfuL It rrae the eonelneioB 
of the hoHdajs, and many of the people were enjoying the delicioiia coolneM of a serene 
night, and resting iVom the laborions exertions of the day ; btSt when the moon became 
gradually obscored, fear overcame every one. As the eclipse increased, they became 
more tonified. All ran in great distress to inform their sovereign of the circninstanoe, 
for there was not a single cloud to cause so deep a shadow, and they could not compre- 
hend the nature or meaning of an eclipse. Groups of men were blowing cm trumpets, 
which produced a harsh and discordant sound ; some were employed in beating old 
drums; others again were blowing on bullocks’ horns. The diminished light, when 
the eclipse was complete, was just sufficient to enable us to distinguish the various 
groups of people, and contributed in no small degree to render the scene still more 
imposing. If an European, a stranger to Africa, had been placed on a sudden in the 
midst of the terror-struck people, he would have imagined himself among a legion of 
demons, holding a revel over a fallen spirit.*’ 

Besides Uie orbital motion, there is another lunar movement, not so obvious, but plainly 
demonstrable. It is a well known fact, that the same portion of the moon’s surface, or 
nearly so, is always turned towards the earth. It necessarily follows, that during each 
revolution she must rotate upon herself, and accomplish one rotation in the time of one 
revolution. If we sup)>ose an individual to walk round a tree, and to keep his face 
turned towards it, he will sec completely round the horison during his circuit, and will of 
coarse turn round upon himself. The alterations are slight as to the face which the 
moon presents to us in all her revolutions. On the eastern and western sides, and also 
on the northern and southern edges, small jmrtions of disk alternately appear and 
disappear, as though the lunar globe oscillated and swung to and fro in space ; and hence 
these appearances are termed librations, from Hbra^ a fmlance^ the former being in 
latitude, and the latter in longitude. There is, however, no real oscillation, but the 
orbital motion being irregular, while that on the axis is uniform, the effect is, alternately 
to extend and dttniiiisb the sides of the exhibited surface, as though an actual vibration 
of the whole body took jdace. These variations do not affect the correctness of the 
general statement, that the moon always shows the same face to us; and this is the con- 
sequence of the coincidence between the time in which she moves round the earth and 
rotates upon her axis. Here we have a law to wliicb none of the primary bodies in the 
system are subject, though it is probable that all the secondary bodies are. There is the 
tame correspondence iKJtween the period occupied by the satellites of Jupiter in revolving 
round that planet and rotating uptin their axes. The reasons of tbe law are at present 
inscrutable. It is one of those mtH^lmnical arrangements, the design of which we have 
yet to apprehend. 

it wlU be seen from the preceding statements, that though the moon is our near 
neiglibour, and has been for ages a fuitliful companion orb, the acquaintance is very 
partial and reserved. Almost one half of the satellite is perpetually turned from the 
earth, and to those regions that arc thus concealed from us the earth is never visible. 
The lunarians, if such there are, inhabiting the districts beyond and opposite to the 
exhibited side of the moon, never imteh a glimpse of the earth, unless they travel into 
the hemisphere presented. A parallel case on our globe would be, for the moon never to 
appear in the nocturnal sky of Europe and Africa, and for an Englishman to know 
nothing of the luminary, unless he should travel towards the heart of Asia, or land upon 
the shores of America. To an inhabitant of the moon on the border of her visihle disk, 
the earth will appear in the borison. One about the centre of the visible disk will have 
the earth near bis senith, but through the wide extent beyond the border, embracing 
neariy half the lunar surface, the earth is never seen. The hemiiqdierei of the moon 
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Ahw n aiagnkr oontiast to each other^ inaamnoh as the daricness of the night in 

one is oonatAD^T reeved hj the presence of our globe reflecting light, while the nocturnal 
darkneaa oi the other is as constantly left to the illumination of the stars. In another 
Mipeot JdBO the moon contrasts strikingly with the earth. As she turns upon her axis 
but once it month, nearly fifteen days* sunlight will alternate with the same period of 
daibnees, ahd thus the lunar day and night be each of that extent. The physical con- 
sequences of this arrangement will be — according to the analogy of terrestrial things — 
winter and summer once a month of the fiercest description. During fifteen days* exposure 
•to the sun an intense degree of heat will accumulate, and by fifteen days* deprivation of his 
beams an equal degree of cold be occasioned ; and thus a temperature equal to the most 
fiery experienced upon the plains of India will alternate with one rivalling in severity 
that of ice-bound Spitzbergeii. But it is a curious speculation, that it lies within the 
liipits of possibility for a lunarian to travel as fast as the moon*8 motion upon her axis, 
and thus keep up with the day, living in perpetual sunshine. A ten miles per hour rate 
of locomotion would suffice for this, and a terrestrial dweller might accomplish that 
distance by a walk in half the time if transported to the moon, because of the feeble 
gravitation of bodies at her surface, for a body weigliing six pounds at the earth would 
weigh only one pound at the moon, consequently the same muscular force would there 
perform six times as much as on the earth. 

Linked in the bonds of a close and enduring relationship to the earth, the surmise 
is natural, that the two bodies dwelling together in unity harmonise in their physical 
constitution* We are apt to transfer to the lunar mansion the features of our terrestrial 
xesidence— -its diversities of ebbing ocean and stable continent — hill, dale, and plain— 
wood, brook, and flower— > stormy wind and balmy breeze. But a course of observation 
diligently pursued with reference to the satellite corrects some of these imaginings, and 
discloses striking points of discordance with those of agreement. Whether the lunar 
globe has any gaseous covering, like that which supplies us with the breath of life, is a 
subject upon which there has been considerable conflict of opinion* Those who deny the 
.existence of any atmosphere depend chiefly upon the equable brightness of the moon*s 
disk, which, it is argued, would not be the case if she were surrounded with one like 
ours, so variable in its density, and so often charged with immense masses of cloud and 
vapour. It is also pleaded, that when the moon occults a planet or fixed star, there is no 
perceptible diminution of light and alteration of colour before complete obscuration, 
which there would be, owing to the influence of the lunar atmosphere, if there were one. 
An occultation of Jupiter took place on the 1st of June, 1831, and Captain Smyth 
remarks of the planet’s emergence, that there was not the slightest distortion of figure, 
diminution of light, or change of colour. Hevelius, however, and others, have observed 
variations in the brightness of the lunar orb, instances in which the moon and her 
spots have not appeared equally lucid and conspicuous, when the terrestrial skies have 
been free from cloud. Some have also thought that both Jupiter and Saturn undergo a 
perceptible change of figure when about to be occulted, and that fixed stars may be 
discovered in such circumstances to experience an evident diminution of light, Professor 
Nichol observes of the annular eclipse of May, 1836, that just before the rims of the sun 
and moon osculated, the light of the sun was mollified into lovely twilight, which he 
attributed to the efl^ of the moon’s atmosphere. . One fact is clear, and is admitted by 
all parties, that if there be a lunar atmosphere, it is of extreme tenuity and exceedingly 
s m al l , considered by lAplace to be as attenuated as what is called the vacuum of an air- 
pump, and estimated l^ Schroeter to be little more than a mile in height. Hence, with 
such a medium, we cannot conceive of some of the grand phenomena with which we are 
fiuniliar having any existence in the lunar world — such as the noise of many waters and 
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of miglity thtmderings— the voice of the |Asmoiuite storm, or tho mekndic^y wa^iog 
of the antmonsl gales. No clouds are there, analogous to those which in ten thousand 
ftiitastic shapes are present with us, dropping fatness upon the fidds, and casting shadows 
ttpon the landscape — a covert in the daytime from the heat. No rain, hail, or snow 
descends upon the lunar soil It is difficult to imagine water at all, or any liquid, Upon the 
surface ; for if the atmospheric pressure were removed in relation to the earth, its liquids 
would be dissipated by the heat of the sun ; and how much more might this result be expected 
at the surface of the moon, where the heat accumulated by its fifteen days* continuous 
exposure to the solar rays must be intense. There can be, therefore, no seas or lake^ or 
else evaporation would take place, and clouds be formed, perceptible through a telescope. 

But though apart from the mqjestic features of the ocean, the tracts of cloud that fioat 
in our atmosphere, and the commotions that agitate it, the lunar surface exhibits several 
points of accordance with the terrestrial superficies. There are mountains answering in 
their contour to those which diversify our own globe, intermingled with plains, glens, and 
extensive depressions. To the naked eye, the face of the moon appears chequered, 
exhibiting dusky patches and bright parts, which, in former times, the fancies of the 
ignorant converted into images of terrestrial things. Shakspeare, in the Midsummer Night’s 
Dream, introduces these vulgar devi sings in the speech of the clown : — ** AD that I have 
to say is to teiryou tliat this lantern is the moon ; I the man in the moon ; this thorn- 
bush, my thorn-bush ; and this dog, my dog.** Some of the ancients viewed this diversity 
of aspect as caused by a diversity of surface, and approximated closely to the truth in 
explaining the appearances. Plutarch cites it as the opinion of Clearchus : that which is 
called the face of the moon are the images and appearances of a great sea ; ** and in another 
passage he remarks, ** as our earth hath certain large bays, so we conedve the moon is 
overspread with large hollows and ruptures, containing water or a thick air, into which 
the sunbeams are not able to enter, whence no reflection is produced by them.** With 
the powerful aid of a telescope, the lunar superficies presents an aspect that is excessively 
tom, ragged, and disturbed ; and we are able to define peculiar physical features. There is 
however no foundation for some reports in circulation as to the discovery of minute lunar 
objects ; and but little reason to suppose that any instrumental power will be obtained 
sufficient to disclose them. Schroeter conjectured the existence of a great city^n the 
east side of the orb, north of her equator, an extensive canal in another place, and fields 
of vegetation in another. Fraunhofer also announced the discovery of an edifice, 
resembling a foilification, together with several lines of road. The hope has likewise been 
entertained of discerning the dwellings and persons of the lunarians, should there be any $ 
but tliese are visions, sanguine and baseless. Assuming, says M. Madler of Berlin, that 
a German mile is the utmost limit of distance at which the keenest unassisted eye can 
distinguish human beings, to bring the moon to that distance, a magnifying power of 
dl,OQO would be necessary ; but, up to the present time, 900 is the highest power which 
has been applied to that object with advantage. Alone therefore, upon this ground, those 
who indulge the imagination of studying any lunar samples of social and domestic economy, 
are dinging to a forlorn hope. 

The time when the moon’s unevenness of surface may be most favourably seen, is when 
•he is homed mr gibbous. The boundary of the light and dark parts of tiie disk would 
obviously be an unindented line if the disk were perfectly plane, and had no surfaces higher 
tlian the rest. But look at the lunar crescent. The bounding line appears notched and 
broken, which is precisely the aspect which derations and depresdons will produce, 
dose by the edge ^ the illuininated portion, yet within the daik part, wholly surrounded 
wHh shade, there are small shining points, like idandsof light in a sea of daikness. These 
are gradually joined to the Inminous space, and become part and pared of it, ai thernotm 
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waxes. Here we have a clear indication of elevations. The porUons of the dark part of 
the moon which thus stand out into the light are plainly eminences, their summits catching 

the illumination of the sun’s rays before the a^acent plains 
! below, exactly as the summit of Mont Blanc is enlightened 
^ , I whilst the valley of Chamouni at his foot is in darkness. 

- But we have further evidence of the existence of lunar 
if;; I mountains and valleys. It is obtained from the fact that 

f ' ' what are considered elevations project shadows in a direction 

1 ^ ; opposite to that of the sun, while the depressions are dork 

^ i on the side nearest to him, and illuminated on the opposite 

one. These shadows ai*e observed to shorten as tlic sun’s 
I'ays beconie more direct, and they proportionably lengthen 
HS his beams fall more obliquely. This is so answerable to 
^ the phenomena which the action of sunlight upon hills 

and valleys will yield, and so consistent with what takes 
place on our own globe, as to place the conclusion of the 
moon’s irregularity of surface beyond all doubt. 

A remarkable appearance may perhaps be explained by the inequalities of the lunar 
superficies. It has repeatedly been observed in the case of an occultation, that a star has 
advanced actually upon and within the edge of the moon’s disk before its disappearance 
behind the lunar body. Captain Smyth remarks: — October 15, 1829. I saw Aldebaran 
approach the bright limb of the moon very steadily. It kept the same steady line to 
about I of a minute inside Hie lunar disk^ wdiere it remained, as precisely as I could 
estimate, two seconds and a quarter, when it suddenly vanisluMl. In this there could be 
no mistake, because I clearly saw the bright line of the moon outside the star, as did 
Dr. Lee, who was with me.” The same accurate observer, on the 18th of December 1831, 
saw the stai* 119 Tauri pass over the disk, and di8ap|)ear between two protuberances on 
the moon’s bright edge; and on the same night Sir James South observed the star 120 
Tauri accomplish the same achievement. Sir John Herschel never witnessed this 
singular phenomenon, but it rests on the best evidence, and has been usually considered 
an optical illusion, the cause of which is obscure. The latter, howx*ver, throws out the i 
conjecture that possibly a star may shine on such occasions through deep fissures in the sub- 
stance of the moon. The rim being jagged and uneven, owing to elevations and depressions, 

A star, in the process of occultation, may obviously pass into one of the cavities, and be 
actually within the disk before its complete obscuration by the general body of the moon. 

We have now large and accurate maps of the lunar superficies. The average aspect of 
our attendant planet is minutely exhibited in the map of MM. Baer and Madler of 
Berlin, which has a diameter of three feet. A reduction of this will appear in connection 
with the present work. Prominent lunar peculiarities have their respective names, taken 
from those of places on the earth, or from eminent men, chiefly astronomers, as Plato, 
Tycho, Keppler, and the Apennines. 

The dark and dusky patches apparent upon the moon’s face, which remained constantly 
obscure, were suppos^ by the early observers to be seas, owing to water reflecting less ; 
light than land. Hence the names applied to them, as Mare Tranquillitatis, Mare j 
Imbrium, and Oceanus Prooellarum, which are still retained. I'he supposition, | 
however, of any quantity o^duid at the surface is plainly precluded by the fact of I 
there being litUe or no atmosphere. These parts have all the appearance of being ! 
enormous spaces of lunar depression, their obscurity arising from being below the general I 
level They are not, liowever, depressed uniformly. The intermingling of light and ! 
dark shades, with the occurrence of districts as luminous as any portion of the lunar disk, : 
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indscale great superficial inequalities in these regions, apparently similar to what- would 
be exhibited by the beds of the terrestrial oceans, if the waters were dissipated. Large 
spaces of depression would then be laid bare, but of very unequal depth, varying from a 
few fathoms to several miles. Are, then, the vast lunar cavities intended to cradle a 
fluid element at some approaching epoch, or have they served that oflice, and by some 
physical change been deprived of it ? Have the billows rolled and sported in their depths 
in by-gone time, or are they to come ? These are queries which observed appearances 
naturally suggest, but we can grasp no certain conclusions. The aspect of the satellite is 
however thought to favour the idea that the surface has not yet been water^wom — that 
the present stage of its history is parallel to that of the earth, before the sharp asperities 
of its upheaved masses had been abraded by ac|ueous action, and smoothed by the detritus 
which it deposits. It is a striking peculiarity of these districts that they shine with 
various hues, from the grey tints of the Oceanus Procelhirum to the beautiful green of 
Mare Tranquillitatis, and tin; dark tracts of Plato. This diversity of colour proceeds, 
doubthsH, from Home difference of nubstance ; and to distant ohservera of our own world, 
its chalk, rcd-sandstoiie, and granite formations may he supposed to present a similar 
diverse aspect, as wfdl as the golden sands of Africa in contrast with the grey masses 
of the Alps, the white cliffs of England, and the green prairic^s of America. 

The lunar mountains may bf5 ranged into several distinct classes. Isolated peaks occur 
in great numbers upon the surface. These are for the most f>art of a conical or sugar- 
loaf form, rising with great abruptness, and attaining a considerable elevation. Pico, in 
! the neighbourhood of Plato, a little to the north, is one of tl^e most distinct, remarkably 
steep, upwards of seven thousand feet in height, as estimated by the length of its shadow. 
The terrestrial rocks of an analogous character are the Peak of Tenerifte ; Pico, in the 
Mauritius ; Adam's Peak, in the island of Ceylon ; and Mount Egmont, in New Zealand. 
Of mountain-chains, there are several imjiosing specimens upon the face of the satellite, 
the principal of which an*- tlie Apennines, a range running in a straight line from north- 
east to south-west towanls the centre of the disk, rising to the vast height of twenty 
thousand feet. The chain may be seen casting long shadows upon the Mare Imbrium, of 
which it forms the northern boundary, and from which the as(*.ent is precipitous, being 
more inclined upon the ojijmsite side. Most of the terrt;strial mountain-chains exhibit 
this feature, for which it is diflicult to account. The Alps descend more abruptly towards 
Italy than Switzerland ; and the Pyrenees are steeper on the Spanish than on the French 
side. The Ghauts of India are abrupt towards the west and slope towards the east ; while 
the gigantic Andes precipiUnisly rise from the sea-coast, and present an inclined face 
towards the continent. But the most striking manifestations of lunar mountain scenery 
are ring fences, or circular ramparts, enclosing plains and hollow^s of various diameter, the 
more extensive having isolated peaks jutting from their bosom. Straight lines, angles, 
and curves are described l)y terrestrial chains ; but no parallel is exhibited to the vast and 
distinct annular ranges of the in(X)n. The cones of our volcanoes are hollows unevenly 
walled on all sides ; and the ring lunar mountains are of a similar construction, but upon 
a grander scale. Many of these circular formations are, however, comparatively small, 
and exhibit a decided crater-like character. Plato is a huge e.rater situated in a region 
of gnmt disturbance. Around Keppler the surface presents a less broken aspect, and is 
remarkable for its brilliancy. Tycho and Cojmmicus are also fine specimens of lunar 
craters. Streaky radiations of light appear issuing fron^ them as from a centre, which 
have been taken to be lava streams, but which are probably the illuminated summits of 
elevated ridges. The dimensions of Aristarchus, thought to be an active volcano, are 
computetl to l>e a height of 2500 feet outside, and a depth of more than 7000 feet within. 

The present aspect of the satellite is tlius decisive as to the past action of disturbing 
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eruptive forces, the energy of which is supposed by many not to be extinct. The follow* 
ing remarks occur in one of HerscheVs papers, dated “ April 19, 1787, 10*’ 36' sidereal time. 

I perceive three volcanoes in different places of the dark part of the new moon. Two 
of them are either already nearly extinct, or otherwise in a state of going to break out, 
which perhaps may be decided next lunation. The third shows an actual eruption of fire 
or luminous matter. Again he says: “April 20, 1787, 10‘* 2' sidereal time. The 
volcano burns with greater violence than last night. We may compute that the shining 
or burning matter must be above three miles in diameter. Tlie appearance of what 1 
have called the actual fire or eruption of a volcano exactly resembled a small piece of 
burning charcoal, when it is covered by a very thin coat of white ashes, which frequently 
adhere to it when it has been some time ignited ; and it had a degree of brightness, about 
as strong as that with which such a coal would be seen to glow in faint daylight. All 
the adjacent parts of the volcanic mountain seemed to be faintly illuminated by the 
eruption, and were gradually more obscure as they lay at a greater distance from the : 
crater.** 

The appearance of similar luminosities on the dark body of the moon has frequently ! 
been observed. That described by Herschel was at or near the centre of Aristarchus. 

In the same region Cassini, Captain Kater, and Captain Smyth have noticed the same ! 
phenomenon, which was intense enough to be seen with the naked eye by two persons in j 
the year 1794. As beheld l)y Captain Smyth, Dec. 22. 1835, whose view is subjoined, it • 

resembled th<^ light of a stnr of the ninth or tenth i 
1 magnitude, but at times was brilliant. During the 
j solar eclipse of *Jidy, 1H42, a bright point, surroundial 
with a circular scintillation, was 8(^cn on the south- 
■ easU^rn region of the moon by the Toulouse nstrono- 
I mers, which vanished before the celi|)se was ov(u\ 

I “ Was it,*’ they ask, “ a lunar volcano, the eruption 
. of which coincided w’ith the moment of the eclipse?” 
On the same occasion M. Arago, at Perpignan, obs<*rved 
on the edge of the moon’s black disk a fiery protube- 
rance, like an Alpine glacier illuminated by the setting 
sun. M. Littrow, at Vienna, remarked the same 
J appearance; and at Narbonne it had the aspect of 
a distant lighthouse. It may be premature to j)ro- 
nounce these to be instances of volcanic eruption ; still, that an age of disturbano<^, 
arising from the action of forces similar to the upheaving agency to which the earth is 
subject, has marked the past history of the moon, is proclaimed by ample evidence — 
that of the torn and disordered surface, the crater-like mountains, and the stratifications, 
as if from successive depositions of ejected matter. 

How delusive the conceptions excited by the aspect of our satellite silently prosecuting 
her nightly walk through the heavens. The silvery splendour enst over the face of 
terrestrial nature, the moonlight painting the dark bosom of the w'aters with radiance 
and lustrously streaming into the sombre glades of the forest, together with the resplendent 
countenance of the planet, satisfying to the imaginative Easterns, as an image of feminine 
loveliness, — these suggest, through the eye to the min<l, conceptions of graceful and 
soothing scenery upon the surface of the lunar world. But the illusion vanishes when 
we take the telescope. A drear reality is unfolded, at least so it seems to us, from which 
the beautiful is absent, and the terrible appears. We must go to the wild and frightful 
precipices of the Andean mountains, or to the charred and sterile declivities of Ilecla, to 
find analogous examples of lunar scenery', and with these specimens we must intermingle 
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the naked and arid wastes of the great African desert. Yet, even from such sites, Life, 
brute and sentient Life, is not banished in the case of our globe. The Arab scours the 
wilderness, though a land where no water is. The condor and the eagle scream in the 
solitudes of the earth, and visit some of its proudest heights. Man, his foot-marks, home, 
and handiwork, are to he met with upon the slopes of the burning Vesuvius. And is 
then^! fellowship, in this respect, between our world and its companion ? Is the latter 
with the former the abode of vegetable crejitions, animal existence, and intelligent 
natures ? It can only l»e said in reply, that beyond a certain rarefaction of the atmosphere 
with us, no life of man, be^ist, bird, or plant, doc's or can exist — that we are quite unable 
to conceive of anything kindred to terrestrial life existing under what appear to be lunar 
circum stances, tliougli it would be great folly and presumption to suppose that we are 
acquainted with all the forms of organic being, and familiar with all the modes by which 
organiscsd Ixiings may be sustained. Yet there is nothing startling in the contemplation 
of the lunar glol>e as at present a d^^solation, a land not inhabited, considering the decisive 
testiniony of geology to the jmst condition of our now populous world. It may be making 
ready to share a similar destiny, to receive and support at some future epoch the varieties 
of Living Existence, a consummation towards which, according to terrestrial analogy, 
progressive formation is the preparatory process. 

Occultations, repeatedly referred to in this chapter, are the apparent temporary extinc- 
tion of planets ami fixed stars by tln‘ moon in her monthly travels, and phenomena parallel 
to cedipses of the sun. The lunar globe, in revolving round the earth, interposes in a direct 
line between us and tin; celestial bodies that lie in her path, and for a time appears to 
expunge them from the vault of heaven. Any of the planets may thus sulTer an 
occultation by the moon, because they all move in nearly the same plane as the terrestrial 
and lunar orbit ; but, obviously, only those fix(?d stars can ever be hid by the interpositioii 
of the lunar disk, w'hich are situated at no greater distance from the ecliptic than the 
moon’s extreme latitude. The moon fiassed over Saturn, May 8th, 1832, and, in a few 
seconds after contact, his immense globe and rings having a diameter of 177,000 miles 
were hid by our comparatively inwsignificant satellite. Wlmn 
the moon is crescent- shaped, and occults a fixed star with the 
ihirk j)art of her body, the star is apparently extinguished with- 
out visible cause : but, if a bright object, the occurrence is striking 
and impressive. In this manner, on the 9th of July of the pre- 
sent year, the dark limb of the moon will appear to strike the 
star 9' Ltniuis from the heavens, tlie immersion taking place at 
8'' 3(i'" I'.M., the emersion at 9** 32'", The smallness of tlie 
star, and the prevalence of strong twilight at the time, will render a good telescope 
necessary for the observation. 

Upon the subject of lunar influence, we have no conclusion established by careful 
observation, beyond that of the moon Vieing the chief agent of the rise and recession of 
the tides. It has Iweii, however, the common opinion of mankind from the earliest ages, 
that the various lunar changes affect the terrestrial atmosphere and the state of the 
weather, an idea which is probably correct, but wliich appears to be true in a sense 
contrary to received popular pn»judices. The evidence at present collected yields the 
cimclusion, that it rains more frequently during the increase than during the wane of 
the moon, and that the chances of rain are the greatest when the moon is in perigee or 
nearest the earth ; but the popular notion, older than the Christian era, that changes of 
the weather take place most frequently at or near the change of the moon, has not been 
verified. Contrary to general impressions, the new moon appears to be the least active 
of all the phases in regard to weather-changes. These are the conclusions of Arago, 
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from observationB made at Munich, Stuttgard, Augsburg, and Vienna, extending tlu'uugh 
an interval of twenty-eight years. In addition to affecting the terrestrial atmosphere, it 
has been from time immemorial an almost universal opinion, tliat lunar inliuenee operates 
upon organic life, and is unpropitious to it. The Roman ]K)et 8[>eaks oi‘ ** the moon's 
doubtful and malignant light : ” — 

** incertam I.unam suh luce inuligna.** 

Throughout the East the opinion is common, that the moonbeams arc deleterious, 
injuring the sight, and defacing the countenances of persons who sleep exposed to them. 
The light of the moon, Plutarch 8Uf>po8ed in his day to be an active agent in putrefying 
animal substances ; and the fishermen of Sicily now cover the fish at night exposed on 
the sea-shore to dry, alleging that the moonbeams would otherwise putrefy them. It is 
supposed, also, that tender plants are often cut off in April and May by tlie moonlight. 
The facts observed in these cases are no doubt true, but referable to anotlier cause than 
the one stated. Animal substances putrefy, plants are cut off, and sight is irgured, by 
open-air exposure on a moonlight night, yet not because of that light, but of the removal 
of the clouds, the fine clear sky, which favours the radiation of heat, by which exposed 
bodies become colder than the surrounding air, and hence the mischiefs narrated. We 
cannot attribute to the moonlight any potential effect upon terrestrial substances, when 
it has been ascertained that chloride of silver, the colour of which suffers the greatest 
and most rapid change by an exposure to light, is not at all afflicted by the lunar beams 
condensed in the focus of a powerful burning-glass. Besidiis these supposed instances of 
lunar action, cases of disease, such as e|»ilep8y and insanity, were believed to be largely 
influenced by the moon by the two great physicians of antiquity — Hippocrates and 
Galen ; and many of the moderns have countenanced the opinion ; luid hence the word 
lunacy is applied to mental distempers. It is undoubtedly true tliat health and sickness 
materially depend upon the state of the atmosphere, and therefore, by affecting the atmo- 
sphere of the earth, the moon may indirectly influence the organism of its inhabitants. 
But to suppose disorders of the brain to be exasperated by lunar changes, as an effect 
of those changes, may be safely dismissed as a vulgar conceit. Even were it incontestably 
established that such effects occur at such intervals, a simple coincidence would be proved, 
and the question of connection left untouched. There is some reason to suppose that 
exasperations of insanity are coincident with the full moon, owing to the more distinct 
lights and shadows of the night powerfully affecting the imagination. 

With reference to one provfccc of the satellite, that of giving light to the earth, there 
can be no difference of opinion as to its utility, inferior as is the borrowed lunar to the 
direct solar illumination. Owing to the unfailing prosecution of her orbital route from 
west to east about 13° daily, the nuKin rises at a mean rate 50 minutes later every day. 
This is the general rule. But there is a remarkable deviation Ironi it in our latitude, 
when the moon’s path lies in Pisces and Aries. This part of the ecliptic makes but a 
small angle with the horizon of those places that have considerable latitude, and, taking 
that of our own country as an example, as much of Pisces and Aries rises in two hours 
as the moon requires six days to travel through. The consequence is, that she differs 
but two hours in the time of her rising for six days together, or rises each day about 
20 minutes later than the one preceding. This takes place in our autumnal months, 
September and October ; and hence we have the harvest and the hunter’s moon. It is 
true that the phenomenon of the moon’s rising for a week together so nearly at the same 
period must occur every time she is in Pisces and Aries, or once a month. But she 
only rises as a full moon, with so little variation, about the autumnal equinox ; and 
it is her appearance that arrests attention and renders the event remarkable. The 
husbandman prizes it as an important benefaction, lengthening out the day during 





tbe ^pointed weeks of hiurvest, and affording useful aid in gathering ifl thiJ 
fruits of tbe esrth. The comparative proportion which the light of the moon bears 
to that of the sun is a problem to the solution of which the attention of several 
philosophers has been directed. The whole heavens covered with full moons would 
scarcely make daylight. From various experiments that have been made, it is supposed 
that the lunar light is only equal to the 300,000th part that of the sun. Its rays, there- 
fore, when collected by the aid of the most powerful glasses, have not been perceived to 
produce the slightest effect upon the thermometer. De la Hire and Couplet, two acade- 
micians of Paris, on a serene evening, at the time when the moon was full and on the 
meridian, collected the lunar rays by means of the burning mirror at the Observatory, 
which has a diameter of three feet, and made the focus fall on the bulb of a thermometer, 
but no motion was produced in the liquor. Thus, there was no sebsible increase of heat,' 
though a power equal to that of three hundred full moons was brought to bear upon the 
instrument. But, vastly inferior as is the lunar to the solar light, its utility has been 
appreciated in all ages and countries by both rude and cultivated nations. To those, 
indeed, who are the least advanced in civilisation, or who are locally situated apart from 
its aids, its value is the greatest. Owing to the rapid progress of the useful arts among 
the cultivated races, they have been abundantly supplied with the means of artificial 
light ; superseding to some extent their dependence upon the arrangements of Nature, and 
lowering their estimate of the advantage of her provisions. To the inhabitants of London 
or Paris, whose streets are splendidly illuminated at night, the presence of the moon is 
more a matter of ornament than of use. But it is otherwise when the day has closed 
j with the mariner at sea ; the peasant homeward tracking his way through the drifted 
snow ; the traveller in a strange country ; and the barbarous migratory hordes of men, 

1 o such, when the day has departed, the moon pursues her nightly circuit through the I 
heavens in beauty and brightness, ns a friend in need, chasing away the gloom, revealing 
the features of the swmery, and disclosing the right path. To the Lunarian^ if such 
there be, a similar service will be rendered by the earth, w Inch, to those who occupy the 
presented hemisphen! of the moon, will relieve with reflected light their fifteen days of 
darkness. The terrestrial world will exhibit to the lunar inhabitants all the phases which 
their dwelling presents to us, but upon a far grander scale, the earth appearing upwards of 
three times the size of the sun, and thirteen times greater than does the satellite, to our- 
selves. Its aspect will be perpetually changing by the rapid rotation upon its axis its 

ti^ts of sea and contin<!nt being alternately presented ; aA provided with instrumental 
aid ns powerful os that which we jwssess, a lunar dweller may discern various terrestrial 
phenomena the mighty iiiass<;s of cloud that are pendent in our atmosphere, the fiashintr 
lightning, the fields of ice at the poles, and the occasional outburst of volcanic fires. 
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CHAPTER IV. 


IOlKS — ASTEROIDS — JUPITER — SATURN — URANUS. 


peers are to be found, whether we consider the magnitude of 
\ their forms, the peculiarities of their structure, or the number 

of their attendants. The planets technically called superior 
^ are known to lie out in space beyond the orbit of the earth. 

^ ^ V This is shown by several decisive proofs. They never appear 

cresoent-shapod like Mercury and Venus, or exhibit any 
perceptible phase when viewed through a telescope, but are 
always seen with a full orb, with the exception of Mars, whose 
appearance is often gibbous. Jupiter, Saturn, and Uranus 
always appear round, and the gibbosity of Mars is but a slight deviation from a circle. The 
inference is, that we see these planets in nearly the same direction in which the sun’s rays 
enlighten them, and consequently the position of the earth must be comparatively proximate 
to the centre of their orbits. They are also never observed, when in the direction of the 
sun, to transit his disk, which would occasionally occur, if their path was interior to that 
of the earth, and carried them between us and the luminary. They are likewise seen at 
all distances from the sun, even in opposition, or in that quarter of the heavens which is 
diametrically opposite to the sun’s place, rising in the east at sunset in the west, and 
being visible at midnight, which would plainly be impossible if the earth’s orbit circum- 
scril^d theirs. These facts prove their position in the system to be exterior to our own. 
The external planets are chiefly distinguished from the internal by the attendance of 
secondary bodies, supplying in some degree to their primaries the place of the sun in his 
absence, and compensating for that diminution of his light when present, which anses 
from their vast distance from him. Mercury and Venus appear to have no moon, for, 
in connection with the earth, they answer the pur}>0Be of satellites to each other, Venus 
shining with great splendour in the night of Mercury, and our own globe forming a bril- 
liant object in the night of Venus. At that point of the system in which we are placed, ' 
the scheme of satellites seems to commence, and with the exception of Mars and the 
asteroids it is a feature belonging to the other ]>lunets. If a moon should ever be dis- 
covered revolving around Mars, the law of secondary bodies attending the outlying 
planets would be unbroken from the point we occupy in the system to its outskirts, for 
the case of the asteroids may be excluded, their whole character being anomalous. Even 
as it is, the rule is general exterior to the earth’s path ; and there may be peculiar 
circumstances, not yet known, to explain the exceptive case of Mars. The number of 
secondary bodies appears to be proportioned to the wants of the primaries. While our 
globe has one, Jupiter, at five times the distance from the sun, has four ; Saturn, at 
nearly ten times the distance, has seven, besides the enormous rings, which afford an 
illumination equal to several thousand such attendants ; and Uranus, of nearly twice the 
distance of Saturn, besides his discovered five or six, may have hundreds that escape our 
notice, owing to the immense interval that separates him from us. 

Mars, the nearest to us of the exterior planets, was, in former ages of superstition, 
the dread of the terrestrials on account of his fiery aspect, and ministered more than any 
other celestial object to give employment to the astrologers, and to fill their coffers : — 


XTERiOR to our terrestrial world in the system, its noblest com- 
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** But most is Man amisse of all the rest ; 

And next to him old Saturne.” 

If Spcsnser were alive now, he must admit his words to involve a libel upon a very harm- 
less body, fit to be commended to the inhabitants of the earth as an example of peace- 
fulness and order, rather than regarded as a patron of belligerent propensities, delighting 
in “ manslaughter and byrnyngs of houses, and in warres,” as an old almanac states. 
The planet is placed in the system at a mean distance from the sun of 142 millions of 
miles, which is nearly fifty millions of miles farther than the earth. The space, how- 
ever, between us and Mars varies prodigiously. Sometimes, wlien he is in opposition, 
and has the earth between him and the sun, his distance is not greater than that just 
stated ; but when he is in conjunction, or beyond the sun, his distance is increased by 
the whole diameter of the earth’s orbit, and amounts to upwards of 240 millions of miles. 
On this account, the apparent size of the planet varies greatly from a diameter of 18" to 
4". He thus dwindles from a considerable orb in the heavens to an insignificant speck, 
presenting a faint hazy appearance when most remote from us, and contending with 
Jupiter for the palm of splendour under a favourable juncture of circumstances. An era 
of tills kind occurred in the month of August, 1719, when Mars was not only in opposi- 
tion, but within 2^^ of his perihelion, that is, the two events were almost coincident, of 
being nearest the earth and nearest the sun, and then his ^pearance was so brilliant as 
to fill the minds of the vulgar with alarm, being mistaken for a new luminosity in the 
skieSt' 

The {Janet has been doselj watched by many accurate observers, and his elements aope 
known with oonaiderable precision. Mars accomplishes his revolution round the sun In 
686t 23^^ the length of bis year, extending to nearly two of ours, travelling at the rate 
of 64 tbousaad miles an hour. In traversing the zodiac, he appears to move at the rate 
of about half adegree each day, passing through a whole sign in somewhat less than sixty 
days* Hence, if we know what constellation Mars has just entered, we may conclude 
that two months afterwards he will be in the next, and four months alterwaids in the 
next, and six months after the date in the succeeding one. His period of rotation upon 
his axis is 24^' 39*" 21% but a slight difference in excess from the length of the terrestrial 
>day. His true diameter is computed to be 4100 miles, rather more than one-half that of 
our globe, and his volume i§ about one-fifth. His form is spheroidal, the diameter at the 
equator being one-sixteenth more than at the poles. From his period of rotation being 
*so nearly equal to that of th4 earth, while his diameter is very little more than one-half, 
it might have been concluded that the inferior velocity of his equatorial regions would 
have produced a much less bulging out there than at the equator of the earth. But 
while the equatorial diameter of our globe exceeds the polar by twenty-six miles, that of 
Mars does so by two hundred and fifty, which gives a greater degree of oblateness to his 
form, and is probably due to his far inferior density. If the orbital career of the planet 
were suspended, his mass would plunge to the sun in 121 days 10 hours. To Mars, the 
solar diameter will appear one-third less than to us, and the solar light and heat be pro- 
portionably diminished ; but his night-sky w'ill be adorned by our globe and its satellite, 
a beautiful pair of objects, about a quarter of a degree distant from each other. 

The physical constitution of Mars is in many respects analogous to that of the earth. 
Indeed, tlie agreement between them is greater than between any two bodies in the system, 
as far as our knowledge extends. An atmosphmre surrounds the planet. His ruddy 
complexion, observed in very ancient times, has been attributed to its density, and 
regarded at a plienomenon similar to the redness of our morning and evening sky near 
Bie horison, which arises from the sun’s rays passing through the densest part of our 
atmosphere, which reflects or absorbs the other colours ; while the red rays are those which 
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chiefly make their way through the resisting medium. The idea of Sir John Herschel ia 
however more probable, that the fiery aspect of Mars proceeds from the geology of the 

planet, its general soil having this colour, like the 
red-sandstone districts of the earth, but in a more 
decided manner. When viewed through a tele- 
scope, the surface exhibits a variety of spots, of 
which, as observed by Cassini, Hook, and Maraldi, 
we have several drawings. Some of the spots are 
changing and evanescent, and appear to be clouds 
and vapours floating in the atmosphere; but others 
are permanent, and are evidently geographical 
features of the planet — continents, seas, and 
regions of polar snow. The annexed view of Mars 
was taken by Sir John Herschel at Slough, August 
16th, 1830, in the twenty-feet reflector. The darker 
parts are seas, which appeared of a greenish hue. 
The zone observable at the polar point is brilliantly white, but of variable brightness, 
and is conceived to be snow, its luminosity being least after exposure to the sun through 
the summ^ season of the planet, and greatest after the darkness of its long whitry night 
There are thus points of striking accordance between the Martial tmd Tefrene worldi. 

Their periods of light and darkness^ night aiid day, is^ 
nearly equal. Both have a succession of seasons, ariilttf^ 
from the obliquity of their respective ecliptics, though 
of different duration. Both have an atmosphere 
clouds, rain, snow, continents and seas ; but without 
an attendant moon, the oceans of Mars must be 
nearly tideless, only gently undulating like thb waters 
of the Mediterranean and the Baltic. Each planet 
has also vast fields of ice and snow at its poles. 
Should the inhabitants of Mars take a view of our 
world through any far-seeing instrument like that 
with which we inspect their dwelling, the terrestrial 
aspect, viewed from that distance, in one of its phases 
will not be very remote from the sketch now given. 
Proceeding farther on an outward-bound course through the system, we arrive at the 
cluster of four small bodies, whose existence is a modem discovery. They present a 
variety of anomalies which distinguish them from the older planets ; and received from 
Herschel the distinctive appellation of Asteroids, a Greek compound signifying the ap- 
pearance of stars, but by others they are called Planetoids, and extra-zodiacal planets. 
Taking them in the order of their mean distances from the sun, Vesta is the first to be 
noticed, discovered by Olbers at Bremen in Ijowct Saxony on the 29th of March 1807, 
in the wing of the constellation Virgo. The orbit of this body is computed to be 226 
millions of miles from the sun, which is performed in rather more than three and a half 
years. Its diameter is supposed to be only 270 miles. Vesta shines with a very pure 
white and intense light, as a brilliant point in the heavens, and has been observed by 
1 the naked eye on a clear evening, the only one of the asteroids that can be thus dis- 
covered. Juno, the next in succession, was discovered by M. Harding of Gottingen on 
the 2nd of September, 1804, appearing like a star of the eighth magnitude near the tail 
of Cetus. Her mean distance from the sun is 264 millions of miles, but the orbit is so 
elliptical that her greatest distance is nearly double the least, so that, when in her peri- 




iMEVEBY OF THE HEAVBirS. 


lielion, she is heur^ the siih by 130 millions of miles than when in her aphelion. Jiiho 
shwea with a ruddy light of varying brightness, attributed to changes in the density of 
hear atmosphere. Fer diameter is estimated by Schroeter at 1425 miles, but this appears 
to be an excess. Her period of revolution is 4 years and 128 days. Ceres, the tWrd in 
order, was discovered byPiazzi in the constellation Taurus on the 1st of January 1801 at 
Palermo in Sicily, and was named after the tutelar goddess of the island. The mean 
distance of this planet from the sun is 263 millions of miles, and her period of revo- 
lution about 4| years. She is never visible to the naked eye, and when seen through 
a telescope appears surrounded by a cloudy nebulous light, which gives her the aspect of 
a comet, and indicates an extensive atmosphere. The determination of the diameter of 
Ceres by Schroeter is supposed to be too high, and that of Herschel too low. The former 
is 1624 miles, the latter 170. Pallas, the last of the asteroids, and the second brought 
to light, was seized by Olbers on the 28th of March 1802 This body is situated at about 
the same mean distance as Ceres. Their magnitudes also and periods of revolution are 
nearly equal. 

There are several peculiarities belonging to these planets. Though their dimensions 
are not known with precision, they are undoubtedly very small when compared with the 
other independent bodies in the system. The volume of Vesta is supposed to be only 
that of the earth, having a surface which is exceeded by the area of some of the 
European kingdoms, Mrs. Somerville speaks of the diameter of Pallas as not being much 
more than seventy-nine miles, whose circumference therefore a steam-carriage would 
traverse in a few hours. Though no great dependence can be placed upon these estimates, 
yet admitting them to be far too low, the fact remains certain, that the asteroids are far 
inferior in bulk to the least of the satellites. These bodies are also extra-zodiacal. They 
deviate considerably from the path in the heavens described by the other planets, so 
much so, that the zodiac must be expanded nearly five times its breadth in order to include 
their orbits. Their mean distances from the sun likewise differ very slightly, while their 
orbits intersect one another, tlic most remarkable feature of their condition, llie 
paths of Ceres and Pallas cross each other as represented in the diagram, while that of 

Vesta cuts the other three. These are peculiarities 
altogether without example in the system. Immense 
intervals separate the orbits of the other planets, so 
that there is no possibility of intersection or collision 
without an entire derangement of the constitution of 
the solar universe. But interlatdng periodically hap- 
pens with reference to the paths of these four bodies; 
and it is within the limits of possibility for collision 
to occur by the accumulation of ordinary planetary 
disturbances. It is also a remarkable circumstance, 
that in the cose of the old planets, traces of atmospheres 
are only to be discovered by the most subtle observa- 
tions ; while on the contrary, in the case of the asteroids, 
excepting Vesta, the atmospherical phenomena appear developed u|)on an immense scale. 

The preceding facts led Olbers to the bold coiyecture, that these four bodies were 
originally united, and formed one great planet, which was splintered into fragments by 
some explosion or concussion. We know that the projections of lava, stones, and torrents 
of cinders, are with us the common results of powerful subterraneous action ; and it has 
been conceived that if we had no safety-valves in the volcanic craters affording a partial 
vent — if the crust of the globe was without any fissure — it could not ultmately resist 
the increasing force of chemical phenomena developed within its bowels, but some 
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frightful explosion would ensue. Lagrange, in an ingenious memoir, determined that an 
explUsive force not greater than twenty times that of a cannon-ball would have sufficed to 
detach the asteroids from a primitive planet, and convert them into independent bodies 
describing ellipses similar to their actual orbits ; and a force equal to this is often exerted 
by our volcanoes. Some however, rejecting the idea of any assimilation between a planet 
and the boiler of a steam engine, have had recourse to concussion from a cometary shock to 
account for the supposed rupture. The strong atmospheric developments of Ceres and 
Pallas are upon this surmise explained to be portions of the gaseous envelope of the 
comet’s nucleus, the nebulosity called the hair, which distributed itself among the several 
fragments caused by the percussion, and formed an immense atmosphere around them. 
But the fact of Vesta exhibiting no certain traces of an atmosphere is against this 
theory, as well as that of the extreme tenuity of cometary bodies rendering it unlikely 
that any such tremendous physical change would transpire upon collision. It is difficult 
to assign the event conjectured to have taken place to any cause which shall be free 
from strong objections, but still, the more thoughtfully the elements of the asteroids are 
considered, the more probable the presumption will be deemed, that they once composed 
a single body, which has been shattered by some potential agency. In addition to the 
intimations of this occurrence already stated, it is significant of the great convulsion, that 
the bodies themselves appear not to be round like the other planets. Sir David Brewster, 
after recapitulating their phenomena, remarks, that they concur to prove, with an evi- 
dence amounting almost to demonstration, that the four bodii's have diverged from one 
common node, and have therefore composed a single planet. Five additional asteroids have 
recently been discovered, Astrea, Ilebe, Iris, Flora and Metis ; and if such a disruption has 
happened, the supposition is next to certain that these are not the only extant memorials of 
it, but that other remains exist. 

Jupiter, the next in succession after the telescopic planets, is the noblest member of 
the solar family in his dimensions, and the brightest in his appearance with the exception 
of Venus, whom, however, he rivals in splendour, although more than seven times her 
distance from the sun. His mean distance from the central body is 495 millions of miles. 
His entire path in space extends over about 3000 millions of miles, an orbit accomplished 
in nearly twelve years, at a mean rate of twenty-nine thousand miles an hour. Jupiter 
travels over 4^ 59 '' of the zodiac in a day, somewhat less than one-twelfth of a degree, or 
30° 20' 32" in a year, rather more than a sign. His course in the heavens may therefore 
be very easily traced. In whatever constellation he is seen on a certain night, a year 
hence he will be seen equally advanced in the next constellation, and two years afterwards 
in the next. For twelve years to come, he will, at a mean rate, pass through the constel- 
lations of the zodiac as follows, being now, 1849, in Leo : — 


1850. Virgo. 

185.3. Sagittarius. 

1 856. Pi set’s. 

1851. Libra. 

1 854. CapricomuH. 

18.51 Aries. 

185S. Seorpio. 

1855. Aquarius. 

1858. Taurus. 


1859. Gemini. 

1860. Cancer. 

186 1. Leo. 


Jupiter occupies but 9** 55'” 49* in his axical rotation. Thus, in the time in which we 
have one day and night, he has two, each about five hours long, the sun by day, and the 
stars by night, with his own moons, apparently Dying across his heavens more than twice 
as fast as the celestial bodies appear to traverse ours. By this rapid spinning upoii his 
axis, his equatorial inhabitants will be carried round at the rate of 26,000 miles an hour, 
which is farther than the equatorial inhabitants of the earth are carried by its diurnal 
motion in twenty-four times that period. Of the stately dimensions of this fine planet, 
some idea may be formed from the statement, that a chain extending from the earth to 
the moon would not compass his equatorial circumference ; and that, supposing a sailing 
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vessel to accomplish the circumnavigation of our globe in a year, it would require upwards 
of ten years to perform at the same rate a similar voyage around him. His true diameter 
is nearly ninety thousand miles, eleven times that of the earth ; and his volume is thirteen 
hundred times greater. But as his density is about one-fourth that of the earth, but 
little exceeding that of water, the quantity of matter in that vast orb is only 331 times 
greater than what our globe contains. In two years and thirty-five days it would descend 
upon the sun, if left to the influence of his attraction. 

From the immense velocity of the equatorial regions of Jupiter, and the intensity of 
the centrifugal force, a considerable deviation in his figure from a perfect sphere is to be 
expected. This is open to observation. The form of the planet, even on a careless view 
through a good telescope, appears that of an oblate spheroid. According to the observa- 
tions of Struve and others, while the polar diameter of the ejirth is only less than 
the equatorial, that of Jupiter amounts to ^‘ 4 , or, in round numbers, his diameter at his 
poles is six thousand miles less than that at his equator. He is more orange-shaped than 
any of the other planets except Saturn, owing to his great axical speed. The rapid 
rotation of the planet is a beneficial physical arrangement. Removed to a distance from 
the source of light and heat wliiclt is 5 ^ that of the earth, the sun’s apparent size 
will be what it is to us, supplying to him only 

receive. But before the earth has once rolled round upon its axis, he has accomplished two 
rotations upon his, and thus his surface is brought under the solar influence after a 
much shorter interval of suspension than with us, compensating, to some extent, for its 
diminished power through his distance. That change of seasons whicli we experience is 
a diversity unknown to this planet. This arises from the axis being perpendicular, or 
nearly so, to the plane of the orbit, so that the days and nights are constantly of equal 
length, and the direction of the sun’s rays constantly uniform, oblique towards the poles, 
and perpendicular at the equator. We have here undoubtedly another instance of wise 
arrangement, for otherwise the regions towards the poles would have been alternately 
immersfid in the darkness of a six years* wintry night. It is not, however, to be under- 
stood that one uniform season prevails over his surface, but that the some parallels of 
latitude north and south of his equator enjoy uniformly the same season, whatever that 
season may be. It is perjietual summer in his equatorial regions, and perpetual winter 
at his poles; but the rapid rotation upon his axis is a security against intense heat 
accumulating in the former through the invariably direct action of the solar rays, and 
against the intensity of cold that would prevail at the latter, if his influence vras absent 
for any considerable interval. 

Jupiter, when viewed through a telescope, exhibits a series of zones, or bands, familiarly 
called belts, stretching across his surface in a direction parallel to his equator, and, 
generally, to each other. They were first observed at Naples by the Jesuits Zappi and 
Bartoli, about the year 1633. These belts are variable both in number and breadth. 
Sometimes eight have been seen, sometimes only one, but more usually three. Instead 
of being uniformly regular in their shape, they have frequently a lacerated apj>earance, 
and, while some continue in the same form for months, others change in a few hours. 
The aspect of the planet has been sketched by many observers. The views given by 
Cassini, Dr. Hook, Sir W. Herschel, and Dr. I^ng are here inserted. In Hook’s drawing, 
taken in May, 1664, a spot appears upon one of the dark belts, by which Cassini ascer- 
tained the peHod of Jupiter’s rotation in the following year. This ancient spot, as it is 
called, has repeatedly appeared and vanished. It was not seen between the years 1708 
and 1713, but in the winter of 1834 it w'as distinctly visible. Other similar spots have 
been observed, generally situated in the belts. These appearances open a wide field for 
speculation. The belts have been deemed alterations upon the surface of the planet 
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CMiBed by great ph 3 r 8 ical convulsions. A far more probable and generally received o)anion 
is, that the dark bands are the actual body of the planet, and the bright bands compact 
and undisturbed strata of clouds and vapour. It is also supposed tliat currents similar 
to our trade winds set in from the poles 
to the equator of Jupiter, which assume a 

— _\ parallel direction as the equator is ap- " 

i \ proaehed, owing to the prodigious ve- / ^ \ 

— — locity of his equatorial regions, and L - ^ 

^ thereby cause those parallel aggregations ' J 

V ^~/ vapour, through the interstices of ^ 

which the opaque body of the planet is 
seen. Of course, this explanation is 
purely hypothetical, but it is the best 
that has lieen offered. Admitting the ^ ~ ' ^ 

y » explanation, it follows that Jupiter has ■ — 

f— - — ~ “ clouds, rain, wind, water, evaporation, / 

^ and seems thus fitted up to be the ha- ' - i 

* bitation of vegetable productions and 

~ — / animal life. 

\ -— y The discovery of the moons of Jupiter, r 

four in number, was one of the first-fruits 
gathered from the use of the telescope. 

An opinion has indeed been' current that 

^ - they may be discerned by a strong un- / 

assisted eye, but it appears to be er- 

^ roncous. Sir John llerschel remarks 

I ^ ^ that Dr. Wollaston, who hud a keen eye, 

. never succeeded in so observing them, 

\ — - y though he cut off the light of the planet ^ ^ 

by hiding the body l>ehind a distant ob- 
ject. The satellitcH are named after their 

respective position in relation to the primary, the nearest to him being the first Their 
comparative distances and magnitudes may be thus expressed; — 







The largest of these bodies is thus the third in point of distance ; the next in.magnitude 
is the fourth ; the third in magnitude is the first ; and the smallest is the second, being 
rather less than our own moon. It is in striking accordance with the case of our 
satellite, that the moons of Jupiter always turn the same face towards him, and thus 
make one rotation upon their axes while accomplishing one orbital revolution* These 
attendants are obviously designed to give him a splendid night in compensation for a 
day less lustrous than that which we ei^oy ; and it deserves notice that their orbital 
motions are so arranged that they can never be all new moons, and consequently invisible^ 
at the same time. The position of the satellites with respect to each other, and to their 
primary, as seen from the earth, is very variable. Sometimes they appear ranged in a 
line on each side of the planet ; at other times they are all grouped on the same side X 
and on Nov. 2, 1681, Jupiter appeared deserted by his guards, three being on his disk, and 
one behind his body. This rare phenomenon was also noticed September 27, 1843. 
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AH the satellites are eclipsed once in every revolution by passing through the shadow 
of the planet, with the exception of the fourth, which sometimes escapes, because of the 
greater magnitude and inclination of its orbit. But with reference to the first satellite, it 
is never the case that both the immersion and the emersion can be observed, owing to its 
being so near the planet, and this is generally true of the second. On the other hand, 
the satellites pass between Jupiter and the sun in their revolution round him, and then 
project their shadows upon the enlightened portion of his disk, causing a solar eclipse to 
that part of his surface. They pass also between the planet and the earth, and then 
exhibit the phenomena of transits ; and, lastly, they pass directly behind the body of the 
planet in opposition, and are then occulted. At a B c d the earth is represented in 
different parts of its orbit; and at j Jupiter is seen surrounded by his four satellites, 
whose orbits are marked 1, 2, 3, 4. The first satellite is shown entering the shadow of 
the planet at a ? 6 is the point of emergence from it ; and clearly, the interposing body 
of the planet will prevent the emersion from being visible to a spectator on the earth at 


\ 



D, who sees the immersion, and that will be invisible from the same cause to a terrestrial 
observer at b, who sees the emergence. The satellite at c and e has its greatest eastern 
and western elongations to a spectator on the earth at A ; and it appears projected as a 
small dark spot upon the disk of J upiter at d. The following table expresses the general 
elements of the satellites, their distances and dimensions, timeS of revolution, and the 
duration of their eclipses : 


SatelHto. 

Diatnirter 

In Milei. 

DitUiice. 

Time of Revolution. 

Duration 
of Edipee. 

1 

2508 

260,000 

Id 18h 28m 

2 hours. 

8 

2tX)8 

420,000 

3 13 14 

3 

fl . 

3377 

670,000 

7 3 43 

H 

4 

2890 

1,180,000 

16 16 32 

5 


Owing to the eclipses of the satellites taking place so frequently, they are of great use 
in (he determination of terrestrial longitudes, those of the first being of the most import- 
ance on account of their more rapid recurrence. For this purpose they are carefully 
calculated, predicted, and registered in the Nautical Almanack, a book which forms one 
of the finest examples we have of the power of the human mind. There is nothing more 
simple than this method of finding the longitude. Let us suppose an individual to observe 
the immersion of the first satellite to take place where he is situated at ten o^clock at 
night, and that the Nautical Almanack registers its occurrence at Greenwich at six, it 
foTlbws, that, as the sun apparently travels fifteen degrees an hour, the longitude of the 
observer is 4^=60^ east of Greenwich ; for faster time shows that he is east, and slower 
that he is west At sem great practical difficulty besets this method of finding the longi- 
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tude, owing to the unsteadiness of the observer’s station on board a vessel ; and more 
convenient and accurate modes have superseded it in navigation. To the inhabitants of 
Jupiter, the opportunity will occur of witnessing upwards of four tliousand lunar eclipses, 
and as many solar, in the course of their year. To us, the planet with his moons, consti- 
tuting what is technically called the Jovian system, exhibits a miniature picture of the 
great solar scheme. The laws which govern the planets in their revolution round the 



sun, govern the satellites in their revolution round their centre. They move in elliptical 
o'rbits, and, like the larger bodies, travel in a direction from w(‘st to east. Though insig- 
nificant in point of magnitude when compared with tli(‘ir primary, their united bulk is 
equal to thirteen of our moons. Tlie first satellite will be a consjiicuous object in the 
Jovian firmament, while, to it, the great planet will be exhibited on a scab; of incon- 
ceivable magnificence, presenting every forty-two hours the varying forms of a crescent, 
a half and full moon, and a gibbous shape, app<*ariug a thousand times lurg(*r than our 
moon appears to us in her corresjamding phases. 

Saturn, — From the noblest of the plarnUs in point of magnitude, we puss to the most 
extraordinary in architecture — an orb which w'ouhl exhibit the most fascinating appear- 
ance to the eye but for its remoteness. An interval of space*, nearly twice as great as the 
vast chasm between Jupiter and the sun, must be erosseil to arrive at .Saturn, wbose mean 
distance from the solar body is about nine hundred millions of miles, and who never hails 
the terrestrials from any station nearer than eight hundred millions, lie oceiipics a 
period of 10,759 solar days in uceomplishing his (rireuit round the sun, having a mean 
daily motion among the stars of only about 2', the, thirtieth part of a degree,. If observed 
therefore entering a particular const(*llation of the zodiae, we may c*,oncludc that a 
period of two years and a half will elapse ]>efore he w ill liid it farewell. I'lie ycjar of 
the planet, extending to nearly thirty of ours, gives an age to his octogenarians, should 
there be any, parallel to that of a terrestrial horn when the J<fws were in llabylon, and 
surviving to be one of our contemporaries. Ilis day is rather longer than that of 
Jupiter, but shorter by more than one half than our own, as be rotates upon his axis in 
10** 29™. While appearing to the naked eye as a pale feeble point in the heavens, the 
.Saturnian orb has an actual equatorial diameter of 79,160 miles, and a volume which is 
nine hundred times greater than that of the earth. Owing to liis fur removal from the 
central source of light and heat, his surface receives only the ninetieth part of these 
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elements compared with that we enjoy ; hut it is computed, that even the ninetieth part of 
the solar light exceeds the illuminating power of three thousand of our moons at the full, 
and would itself be amply sufficient fi)r the purposes of life. If arrested in his orbital 
course, and abandoned to the force of the solar attraction, the planet would drop to the 
sun in about five years and two months. The form of the body of Saturn is peculiar. 
Though not so swift upon his axis as Jupiter, his tvfo diameters exhibit a greater differ- 
ence, the polar being 67()0 miles sliorter than the equatorial, a degree of oblateness due to 
the cork-like lightness of his material in connection witli his axical speed. It has been 
found however that his diameter is not the greatest at the equator, but at some distance 
from it, and that his north polar region is much more flattened than the south, a case of 
difference from that of the other planetary spheroids which may perhaps be referable to 
the anomalous local attraction to wliicli he is subject. 

Men had long been upon terms of acquaintance and familiarity with Saturn without 
suspecting the grandeur of his construction, or the remarkable apparatus with which he is 
furnished. The shepherd astronoiiK^rH of Chaldea — the star-gazers of Egypt, Greece, and 
Rome — the asti*ologer.s of the middle ages — Cop<^rnicu8 and Tycho Brahe — saw the 
planet only as a dull nebulous star slowly moving througli the heavens. It was not until 
tli(i earth had jierformed its annual circuit round the sun many tliousand times, that the 
statiily form and numerous attendants of the remote wanderer — hitherto deemed obscure 
and dreary — were revealed. At length, in the year 1610, Galileo sent to Keppler the 
enormous word, 

Siuaiomrmilmopoetalevmibvncnvgttaviras 

introduced in a former page, which veiled the Latin senbmee to uninitiated eyes, and 
announced the most dFstant planet to be threefold. This was a glimpse caught of the 
luminous appendage of Saturn, which Huygens, with a more perfect instrument, found 
to be a ring, at the same time discovering one of the satellites. The jdanet is now more 
fidly knoNVn to us; it occupies an illustrious place in the system, having a train of eiglit 
moons, with two concentric rings encompassing its body — a piKudiarity of vstrueture 
without anoiher example in the universe, us fur as we are acquainted with the subject. 



it is prpbable that this representation will prove to be a defective view of the 
wonderful architecture of Saturn. Perhaps, as mightier instrumental power is brought 
to bear ujmn his rings, they will be resolved into a greater number, as the one has already 
been into two. In fact, Mr. Lassell of Liverpool, has satisfied himself respecting the 
division of the exterior ring into two distinct annuli. The singular fact has been 
recently ascertained, that the ball of the planet is not in the centre of the annulus, but a 
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little to the west, a position whieli is found to contribute to the stability of the Saturnian 
system. The surface of the globe exliibits belts, briglit and dark, wliieh point to the 
same cause ns similar phenomena in the case of Jupiter, whatever that cause nmy be. 
But, unlike his neighbour, the axis of Saturn is inclined 29° to tlie plane of his orbit, 
lie has days and nights therefore of unequal length, a diversity of seasons, and alternately 
ior years continued winter and darkness reign at his poles. 

The satellites of Saturn have been named by Sir John Ilerschel, beginning with the 
innermost, Mimas, Enceladus, Tetliys, Dione, Rhea, Titan, and lupetus, with Hyperion 
discovered by Mr. Lassell. Their respective distances from their primary vary from 
about half the distance of our own moon to upwards of two millions of miles. Their 
periodic revolutions also vary from twenty-two hours to seventy days. Little is known 
as to their precise magnitude, but the most distant is evidently the largest, and is sup- 
posed to be nearly eciual to Mars in size. The first discovered, or the sixth as to distance, 
called in honour of the discoverer the Iluygenian satellite, is the brightest. These two 
may be discerned with ordinary optical aid. The rest are more ditlicult objects, and it 
requires the mightiest telescopes to reach those, which just skirt tlie rings, discovered by 
Ilerschel, Tlie dimensions of the rings, as given from the micrometrical measurements 
of Struve, made at Dorpat in the year 1828, with PVauenhoftu s large rtdhndor, arc ns 
follows : — 

Exterior diameter of exterior ring 
Interior diameter of exterior ring 
Exterior diameter of int<*rior ring 
Interior diameter of interior ring 
Interval between the inner ring and Saturn 
Interval betwi^en the rings 
Thickness of the rings not inoni than - 

The above measurements give to tlie exterior ring a width of l(l,J7d miles, and to the 
interior of 17,17o miles, making the entire width of the double, ring, including the. interval, 
29,539 miles. That these appendagtis are opaque substances is shown by the. fact that 
they tlirow shadows on those partii of the planet that are on a line, with them and the, 
sun, and on the other hand they rewive the shadow of the phiniq. Both the rings have 
a motion of rotation, accomplished in ]()•' 29"' 17", a condition plainly essential to their 
stability, the centrifugal force engendered by the rotatory motion balancing the attraction 
of the planet, and preventing their preci|dtution to its surface. But notwithstanding the 
centrifugal force, it may be. demonstrated to be, a condition necessary to the stahh^ equi- 
librium of tlie rings, that they should not be of uniform thickness or density, otherwise 
the system would be in a state of unstable ecpiilibrium, like that of a m'.edle balanced on 
Its point, and the slightest disturbance, such as must arise from the action of the satel- 
lites, would bring on a catastrophe. Accordingly, eviileiice app«*ars that the rings are 
not alike in all their parts. The edge is not flat but spheroidal, and according to 
Messier the surface is diversified with inequalities, an irregularity of form whicdi HatisficK 
the demands of theory, and guarantees the prcs<;rvation of this rcrnarkahlc appendage. 
The system of Saturn, the most complicated with wliicli we arc^ ucipiainted, is an 
astonishing instance of artistic skill, of. nicely adjusted nicchariism — a ball launched in 
.space, surrounded by two ponderous zones, each independent of the, other, all acted upow 
by the attraction of the sun and of the planets, and acted upon by one another and by 
the satellites of the planet — yet no confusion has arisen, but the original order is main- 
tained, after the lapse of ages of constant antagonism I ^ 

The planet is here shown in different parts of its vast circuit round the sun, with the 
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earth in corresponding orbital positioriH. As the rings maintain the same inclination to 
^e plane of the orbit, it is obvious at a glance that their aspect to a terrestrial spectator 
must greatly vary, in the course of revolution. Alternately one -side is seen and then 



the other, and oval forms of different ellipticity are presented. It also happens that the 
earlh being in the plane of the rings, or in a direct line between them and the sun, only 
tlie edge is turned to us, about a liundred miles thick. They are then invisible, except 
with tlie aid of the mightiest teh‘seopie power, when a line line appears drawn across the 
disk of tlie planet, jirojeeting on ea<di side. This occurs twice? in each n»volution, or 
once in every fifteen years. Tliesi* are the phases of Saturn, exhibited in the side views, 
phenomena which asUmished Galileo, and which Huygens was the first to explain. Tiie 
appearance in the centre represents Saturn and his rings ns he would be seen if placed 
perpendicularly above us. 





PhaHes of Saturn. 

The annular apparatus of Saturn illustrates the resources of the Creator, and in con- 
nection with his moons is no doubt intended to give him compensation for a scanty supply 
of direct solar light. Three of the satellites are nearer to him tlian our moon to ns, and 
the ether four will be conspicuous objects in the heavens of the planet. The nearest 
satellite probably presents a di.sk equal in extent to nine or ten times that of our lunar 
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globe ; and fl}dng round its primary every twenty-two hours, a rapid succession of phases 
will be exhibited. But the rings are doubtless the chief glory of the Saturnian firma- 
ment at night, constituting a very noble spectacle, varying in their tiiipearancc according 

to tlie position of the place of observation. 
From the polar regions they will scarcely be 
perceptible, but at thirty degrees from tlie 
poles a segment of them will lie seen emerging 
above the horizon, increasing in altitude as 
equatorial latitudes are gained. Supposing 
tliem appendages of the earth, the sketch may 
convey no inaccurate idea of their appearance, at about sixty degrees from the equator. 

Sir John Uuss, when in a liigh 
nortliern latitude, observed a striking 
^ • ' aurora bestriding the sky, which he 

^ -• describes as answering to Iiis eoncep- 

tions of the aspect of Saturn’s rings us 
seem from liis siirihcc. Advancing to 
the equator, tiuy will span tlie heavens 
like miignilic(‘nt arches near the ze- 
nith, with thc^ shadow of the planet 
resting upon them, the satellites 
pursuing their respective eourses at 
diiUrent distances, and the stars 
shining on cjich side of the luminous 
zones, and in the interval heiwemi 
them. 


Uluxes. — The orbit of this remote body, which is removed to about twice the distance 
of that of Saturn from the sun, is the present boundary of the planetary system; but that 
this is its actual limit — that exterior to it there are no orbs analogous to those that arc 
interior, in obedient revolution round our central luminary, we are not in eireumstunees to 
afhrm. Uranus may he si en with the naked eye by a practised observer in tine weather when 
the moon is absent, and ajipears like a fixed star of the least visible magnitude;, shining with 
a pale blue light. It was observed tlirec times by Flarnstead, once by Bradley, once by 
Mayer, eleven times by Lejiionnitir, who r<*gist(;red it among the stars ; hut llerscliel dis- 
covered its planetary character at Bath in 17H1, and thus etreeted an achievement, no 
parallel to which history ladure hael chronicled. For some time previous, astronomers 
had lieen aware of the motions of Jupiter and Saturn being subject to certain perturbations 
which could not he explained ; and it hud been conjectured that some planet might revolve 
beyond the latter, whieli would account for them. The verification of this id(;a ilhisti ntes 
the accuracy of astronomical observations. The planet is situated at a iiuMin distancci 
from the sun of J,800 millions of miles, and has a path of more than l(),(XK) millions to 
traverse in revolution round him, accomplished in a period of eighty-four years. Ore; circuit 
therefore has not been performed since it was discovered to be a inemb(*r of the solar 
system. It moves over one degree of its orbit in eighty-five days, and is thus seven years 
in passing one constellation of the zodiac. Uranus, apparently insignificant in the heavens, 
is the tliird of the planets in magnitude, eighty times larger than the earth in volume, 
having a diameter of 35,000 miles. Slowly as he appears to travel, it is a pace of sixteen 
thousand miles an hour, six satellites attending his course. These revolve round him 
nearly at riglit angles to the plane of his orbit, in a direction from east to west — singular 
anomalies, exceptions to the general laws of the system. All the other primary planets 
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*■ and the eatellites move from west to east, and the satellites move nearly in the same plane 
with the orbits of their primaries. Why these laws should be departed from in this in- 
stance is an inexplicable circumstance. As we know little of Mercury owing to his prox- 
imity to the sun, m we know little of Uranus owing to his remoteness. The proportion 
of light and heat which reaches him is about ^ that which the earth receives, but this 
is equal to the illuminating fjower of se\'eral hundreds of our full moons. From his far 
distant sphere, tluf planet would full if subject alone to the centripetal force, and require 
an interval of ncrarly fifteen yciurs to be [irecipitated uf>on the sun. 

— The elements of this planet can only be regarded as provisional. His mean 
distance fn»m the sun, representing that of tin? earth by 1, is 30; his diameter in miles 
4I,.'ifX); and his period of rev(»lution in mean solar days 60,126, or 164 years. Neptune 
has certainly one satellite, first seen by Mr. Lassell. Oc^tohcT 10th, 1846. 

A eiirH<iry view lias ii<»w been taken of the individual members of the solar system. 
1 ’Ih* vastnesH of its urea and tlie magnitude of its objects forcibly arrest attention. The 
more, irnleed, we heeonie experimentalists in the scen<‘r)^ of the universe, the more : 
imprcMsed we gre with the iiiiperieelion of all human thought and language in relation to > 
its range, the dimensinns of its striietunrs, and conscious of the inadequacy of our 
i conceptions. In (‘jirly life we form ideas of magnitude which are notoriously defective, 
'I'o ehildliood romping upon the village green tin* sc'oiie of its gambols jiresents an extensive 
surface, ami the hill-side from wliieh tln^ daisy and cowslip are plucked appears a j 
I vittisith‘ntl)h‘ clewition; — the cxpvrwuct' of ufter yonrs convets those impressions. When / 
/ the nmn retitrns to the scenes of his youth, after having been long separated from them, ! 
he is surprised at (lieir altered aspect, and struck with the fallacy of his former views. ! 
The gnM'ti of the village seems but a span, ami the <*minence a hillock. After having : 
gazed upon tin' expanse of the Amazon, or the pow(*H’ul current of the Mississippi, the 
slream meandering tlirougli the meadows wliieh oiiee suggest(*d an idea of amplitude, 
inspires only a notion of iiisigiiifieanee. It is thus witli us when the mind departs from 
U’rrestrial n*gions, and stinlies the outlying n'alins of initun*. 4'lu* survey corrects and 
expands its views. 'Phe falhuT of former eoiiei^ptions of height, length, breadth, and I 
I depth is felt, and, penetrating into space, the <‘oiivietion iM-caunes more* distinct, at every i 
I st<‘p, of the poverty of language tt> «‘Xj»ress, and the inade<|iiaey of intelligence to grasp, 
j the real inagnitiide of the nnixerse. T<» a Welsh goatherd Snowdon and C’ader Idris 
have gigantic diinensi<uis in eomparis<Mi witli tin* scale of his own Inidily structure ; hut 
the soviTeigiis of his native wilds dwindle into dwarlishness in (xaitrnst with Mont j 
Itlane, Mont K«»sa, or tin* Ortler-Spitz. Y<t these are shorn of their attributes of ! 

> extension, inassivnu ss, and grandeur, in the view of tin* great Andean chain. All the j 
ine<|unliti«'s, however, of tin* carlli’s surface tuk«*ii togi'tlier, are, proportionally to its i 
magnitude, hut as a liandful of dust sprinkh'd upon an artitieial glolio, w'hile the earth ; 
itaelf is but one of tin* smaller tdjects of the solar uiiivt*rse. i 

The superlieial extent of the eartli iiieliides upwards of a hundred and ninety-seven | 
millions of miuure iiiih*s, ami its solid contents amount to two huiidn‘d and sixty thousand 
millions of cubical miles. Iliigi* as this hall is, it is but like Sn(»wdoii to Mont Blanc, 

; when contnist«*«l with Jupiter, Saturn, or rrunus. The areas, and solid contents, of 
I these planets an* ulHuit as folhiws : — 


; Jupiter 
i Saturn 
i Uranus 


Area. Solid contents, 

24,SS4,(XK),0(X) s<|iiart* miles 36S,2S3,2()0,()00,000 cubic miles 
1 9Ji(X),(XX),(XX) 2(i 1 .32(i,H(X),(XX),(XX) 

3,84S,4<>(),tXX) 22, 437,804, (XX), 000 


Including tbe otlu'r planets and tlic satellites, their eombincHi ,«urface cannot be estimated 
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at less than sixty thousand millions of square miles, which is ulniut thriv hundml times 
the surface of the globe. The mind can only imperfectly embrace this vastiiess of 
territory; yet it is but as a province to an empire wdien compared with a single ohjivt 
in the system — the Sun. The solar surface comprises an area of nearly 'Jj billions 

of square miles, the planetary surface being in proportion U) it us 4*,^, and the terreslrial 

surface as Situated in a forest containing 12,3o0 trees, a single tree would be 

lost in the aggregate; but w'e must imagine a tree plaetMl by the side of another 12,ilo() 
times larger, in order to form a }»roximute iilea <»f the comparative extent of the t<‘rrestrial 
and solar surfaces. Regarding the earth as a very small j>ea, a circle would Ik* nHiuin‘<l 
of 11 inches dianmter to represent the relative size of the sun. In its solid bulk, the 
solar globe is equal to five hundred times the volume of the planets, and to nearly 1| mil- 
lion such worlds as ours. 

The extent of space occupied by the orbits of tlu* plam ts i> no less astonishing than the 
stateliness of some of their dimensions. At the rnilroa*! sju-ed of fifty miles an hour, an 
individual would accomplish the jtuirney over the longest tract of land in the ohl worUl, 
from the coast of Senegal to that of Kams<*hafka, in ti'u days. Hut it wiudd recjuire a 
peri<Hl of 4d() years to proceed in a direct line frtmi one extremity of the (*arth’s 

orbit to amtthcr, at the same rate of motion ; ami this is but a trifling span when 

ctHUpared with tin* tliameters of >omeof the lUlier planetary orbits. If a vehi<*h‘ had lK*en 
set in motion at the <dmineneeinent of the Christian era, and had incessantly kept up the 
velocity inentiimed, it would imt y»‘t have p(‘rfVirmed half its passage a<*ross the orhit of 
Saturn; or if <me had begun a similar pilgrimage at the same rate across the orbit of 
Cranus when Adam was in paradise, it would yet be far away from its g«»al. Suppose 
an inch cnqihiyed to n present the earth's distance of millions <»f miles from the ^•<•ntre 
of tlnj syst<‘m, soinewliat more than a foot ami a half will be reipiired to express tin* pro- 
[kortionatc; distance of its n isiblc boundary'. Views of e\tensi\ eness thus lua ak in ujam 
us w'hich u^^ perfectly inapprecialde. and <*onfounding. Of* a mile, or ten miles, or a 
hundred miles, we can form a distiin*t conception, because these are spaces \vhi<*h W(^ 
often travel over; and a person who has sailed a<*ross the Atlantic will 1 m* able to enter- 
tain a commensurate idea of one, two, or thr<*e thoiisaml miles. Hut when inillitms are. 
bniught before us, w'c have an extent to grapple with, which so far transcends that of tin; 
sc«*nes of terrestrial locomotion as t(* defy our mental grasp to embrace the, distance. 
AVe can only upproximat<* to an ailequat**, noti<in of the real range of the planetary uni- 
v<*rse by calculation up<»n a r<*du< <Ml sc*uh*. 'J’hus, if tin* metropolis lie fak(ai to reju’esent 
the site of the sun, and one mile a million, the orbit of Mercury will be a circle passing 
within the neighlM»urho<id i)f Rochester and Ihdfonl, while that of Uranus will pass 
hey'ond the most northerly bounds of Kurope, cut the Hlack Seti, thf! south coast of Asia 
Minor, and the great de.-^<*rt of Africa. 'I'he urea occupie.d by tin! syste.m to which we 
belong is thus stupendous. I’o form a conceptitui ol’ its amplitude, w<»rlhy of it, is at 
presi*nt l)eyond the scopi! of our far*ulties. Yet our further inquiries will show this ar(*a 
Ui Im* but a small dej»artment <if the (*reatioii, as small, w’hen compared with tin* visible 
n*gions of the universe, as a ft*w' yanls of n»ck peeping up above the surface! of the wavea 
to the broad expanse of the l*acili<*I 

Stane general considerations sug^gested by the aspect of the planetary system will now 
Ik* appropriate. 

It is impossible to contemplate j)hysical nature w'ithout perceiving i»h*ntical features in 
its home and foreign regions. In the arraiigeinentH of our own glolu! tin! evidences of 
uniform plan are emphatic, indicating tin* prewince and ofK*ratio/i of <ine Intelligence and 
Will in its construction. Passing from the Imunds of our own island, we discover in 
every region through the length and breadth of the eurtlfs surface, similar classes of 
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phenomena to those in our immediate neighljourhood. The agitations of the atmosphere, 
its masses of cloudn, and its refractive and reflective properties — the rise and subsidence 
of the great waters — tlie altenialions of light and darkness — and a diversity of seasons, 
are universal over the globe, ('olumbus opened a new world to the knowledge of the 
obi, l)ut in the new as in the old the general laws of nature w'erc the same — the tides 
flowing and ebbing abnig the coasts, electricity operating in the atmosphere, the magnetic 
needb? jM>inti ng to the pole, day and night, summer and wdnter interchanging. The 
gem^ral structure and jdiysieal properties of its liurnan inhabitants, its plants and 
aiiitnals, are ueeordant, arid their subordinate diversities may in most cases be traced to 
the a<'tion of laws whieli universally produ<*(^ the same eflects wdiere tlie circumstances 
are the Hume. But leaving the bail U]>on which we live, and viewing the kindred orbs 
asMMduted with it in the solar universe, the. intimations of unii’orm plan are etjually 
strong. Let us dwell upon some <»f tlic unities of the system. Omitting for obvious 
n^UKons the telescopic planets, though in many respects they luirmonize with the rest, the 
following phenoiiiena are juomitient : — 1. All the planets havti a projectile motion in 
space ill the same direction from west to east. 2. riiey move in nearly the same plane. 
I'ttking the plane of the earth’s orbit as a horizontal base, tlie planes of the other orbits 
exhibit only u slight divergence fnun it. 


MiTcury - 


tiR-rnuUion. 

- 7^^ 0 ' U" 1 

•liipiliT - 


Inclination. 
- IS' 51 

V<‘nuH 

- 

- ;i 2 ;{ 2H 

Saturn - 

- 

- 2 29 35 

Mars 

- 

- 1 .71 (i 

1' ran US - 

. 

- 0 46 28 


fl. All tlu' satellites move in tlu‘ same dir<‘etion as tlieir primaries, and nearly in the 
same plane, with tlie exeeption of the moons of I’ranus. 4. The orbits of the planets 
and satellites <*xbibit only slight variations in tlieir amount of eeeentricity. 5. These 
ditferent IkmUcs have a motion oi rotation in the sniiu* dinc’tion with the sun, and tlieir 
own motions of projeeiion. <>. 'I’be plam*ts exhibit trn<‘es of atniosplieres more or less I 
decideil. 'riiese are confessedly striking plienomena. I bey clearly exclude the ojiera- 
tion of chaiu’c-inedley Irom the system. I hey are unities which speak iiittdligibly of j 
One euusing and gnvi rning Miiul, uml signitieantly proelaim the simultaneous origin of 
the wdar universe umb r the control of eomiiioii laws. AVlieii we consider that the biMlies 
whicli com|M»se it maintain tlieir present stations, motions, and distuiiees, by their mutual 
acHioti on i‘iieli other — that neiiber emild la* where it is, nor as it is, unless they W'ere 
all eo-«*xist<*nt — the infen-nee is stnuig, and seems pliilosophieally eertain, that they 
obtained e(mtem|>oraiieously, or nearly so, that arrangement, and those positions in 
which we imw Ix-liold iliciii, iiiuler the m*ti«ui of the same physical cause, 'i’iic force of 
the solar attraction to Men-ury is in some degree couiiteracteil by that of Venus and the 
Earth, oiul the orbital motions of tin- fornu-r are the result of the niee adjustment of 
these coinplieuted forces. 'Fliis fu» t. true of all the planets, is a strong indication that 
their forriiution was simultamMiis. 

But if, in relation to the terrestrial w*orld, uniformity characteri.ses the general plan, the 
detail displays an <*ndless ilivcrsity. Its great divisions of laml and water, its mountains, 
plains, and valleys, have each distinguishing peculiarities. Plants of the same genus have 
no perfect similarity, imr have their stt-ins, flowers and b*aves. The grains of sand 
and the blades of gniss difl’er. 'I'lie same fact is true of the human race, and of animals 
of the same speeies ; and hereby pro|KTty can bo claimed in the latUT, friendship 
recvignisi' its objects of aflei*tion, and justiee its criminals, in the fonner. In like manner, 
all the kiuwv ledge we have of the ert*ation exterior to our glol>e assures U8 of the stamp 
of variety being impiH'j^scd ufum it. Thus the planets, alike in dejHmdence upon a cen- 
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' tral orb, in rotation and orbital motion, differ in their distances, magnitudes, densities, 
velocities, and construction. Some are more gorgeously fitted up than their compimion 
! glo1>es. The day of Mercury nestling near the sun, and that of Uranus so distant from him 

I the moonless night of Mars, and that of Saturn with his rings and satellites — must 

j be widely discordant, while each planet experiences a real day and night. The arrangc- 
! ments of the system do not more strongly declare the one-ness of its authorship, than 
the boundless resources of that author. 

The relative distances of the planets from the central source of light and heat exhibit 
great discrepancies. Taking that of the earth ns 1, the prop(»rtionate distance of Mercury 
is Venus Mars IJ, Ceres 21, Jupiter oj, Saturn 9.j, Uraiins 19. Tliis <livcrsity of 
position must produce diverse jihysieal efi'eets; but even to the farthest planet the Sun is 
still a Si'N, and will afford an illumination several hundred times surpassing our largest 
supply of lunar light. The apparent diameter of the sun, as seen from tlie earth, is ,*12'. 
As se<*n from the otlier planets, it will Ik*, 

Mercury Vcniis Mars Cere?! Jupiter SAturn rraiuia 

HiV 4(1' til' ir a' !'•:» 

The eomparative siz<^ of the solar orb from these several stations may he thus pictorially 
expressed : 



While a motion of translation in an orbit and one of axicnl rotation Iw^long to all the 
planets, us far as t»hs<'rvation lias gone, constituting to each respectively its year, and its 
day and night, the. leiigtli of these jieriods widely ditlers, as the annexed table shows; — 




l.rnKU) «•(' i><>y 1 

.ciikUi of Vear. 




and NikIk. Vcuri 

1. Mimtiia. 

Daji. 

Mercury 


- ‘J-lh <»in " - () 

2 

2H 

\’cmis 


- ‘ja 21 - - 0 

7 

IJ 

Kartli 


- 2a 5(\ - - I 

0 

0 

Mars 


- 2 d ao - - 1 

10 

21 

(Vrin 


- uukiiuwn - - 4 

7 

11 

Jupiter 


U 5(i - - 1 1 

10 

17 

Saturn 


- 10 ao . - 2‘) 

0 

0 

Uranus 

- 

- ijiiknuwn - - ,84 

0 

0 

Tlie planets are spheroids 

more 

or less oblate, hut tlieir inagnit titles vary 

pnaligioiisly. 

Taking the earth as 1, tli<; eoiniiarative vtduine of Mercury will ])e Venus J, Mars J, 

Ceres yU, Jupiter 1,3(X), Saturn 9(X), Uranus HO. I'heir apparent diamettTS, 

as seen from 

the sun, will Ik;, 





Mercury Venus 

Earth 

Moon Mara Jupiter 

Saturn V 

rantia 


1 7 ''’2 

4'f‘(i UY' a7" 

Id" 

4" 


Tlieir relative bulk may be brought before the eye as they arc representiMl on the next 
page. 

To express the proportionate volume of the sun, a circle with nearly a diameter of one 
foot would be required. The following illustration of the relations of the sun and his 
attendants is taken from Sir John Ilersehel and Dr. Nichols. If we conceive the sun to 
be a glol>c two feet in diameter, then a ffrain €»/ mustard seed, at eighty-two feet distance. 
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will represent the size and ploftc of Mercury. A pea, at the distance of one hundred and 
forty-two feet, will Ihj the similitude of Venus ; and another, slightly larger, at two hundred 
^ and fii't<H;n feet, will he the appropriate representative of 

the earth. A giMKl pin's head, removed three hundred and 
o Vmiu. twenty-seven fe<‘t from the central glol)e, w ill stand for Mars ; 

iintl a few of the smallest grains of sand, placed at the dis- 
% Earth. tanee of livi? hundred feet, will denote the Asteroids. An 

orange of iiuMlerute size, distant a quarter of a mile, will 
% Mart. indicate diipiter. Saturn may Ihj sh<iwn by a lesser one, 

at tw<»-rifths of a mile ; and Uranus by a cherry, at three 
(juarters c»f a mile. 

'riiere are remarkable differeneos as to the material of 
tlie solar and planetary orbs. Their w'eight, compared with 
, . tliat ol the earth taken as 1, is, 


'I’heir weight, compared with that of a globe of water of 
lie* snue size, is estimated to be 



Whut striking div(‘rsiti(‘s ! While our planet, weighed in 
tln^ balanee against an «Mpuil volunn* of W’uter, is four tinu*s 

lieavier. tile matter of Mercury is four times lieavier still, 

whilr that of Saturn has only half the density of the fluid. 
If eu>t therefore upon an o<*ean capacious enough to receive 
^l*’****' Menairy would sink with us great a momentum as a 
globe of lead, while Saturn w'<ndd Ik* buoyant as a veswl of 
e«irk upon tbe deep. Upon the magnitude and density of 
the planetary spheroids, the force of’ gravity or the W'eight 
nf bodies at their surface depends, llmct*, though the solar 
snbslunee is so iiiueh loss dense than that of the earth, yet, 
^ <iw ing to its vast bulk, a man weighing 140 pounds at the 

^ f<‘rrestrial e<|uatt)r wumld weigh more than do(K) at the 

surface of tin* sun. tlupiter is still less ilense, but on ac- 
iMiuut of his superior magnitude the force of gravity at his 
surface is I'ight times as great U' at tbe earth’s, .so that a terre.strial inhabitant transported 
thither would be burdened w ith eight times his prestmt weight, would move with eight 
times the difllculty, ami would tall w itli eight times the force. Ilut upon the diminutive 
telescopic planets, owing to their I’cehle gravity, a race of terrestrials might play such 
high fantastic tricks as would reali.se the dreams of fairy legends, bounding across a chasm 
of no trifling span, with the same mus<*ulnr efl’ort as hen* will only cnahlc us to compa.ss a 
step, and aligliting with m» gn*utcr slux’k than is felt in one of the paltry leaps of 
oliildhooil. Wc may however infer a nice adjustment Iwtwccn the planetary worlds and 
thur rcsi)Octive occupants from the heaiitiful adaptation, which meets us here, of the 
constitution of man, animals and pluiit.s to 4he circumstauees of their dwelling-place. 
Supposing that constitution to remain the same, and the earth’s volume to be increased 
to the size of Jupiter ; the intensity oi' the force of gravity would susfnmd the functions of 
animal and vegetable existenet*. The tigt»r would iX‘ase to spring u|K)n his prey from the 
slicer im|>ossihility of doing it ; the swirt giuelle would become a laggard upon the plain; 
the soaring flight of the eagle would terminate ; tlie sap would fall in the trees to riae 
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no more ; plants and flowers would be unable to circulate their juices ; and man himself 
would sink down to the level of a slow-moving quadruped like the sloth. There is thus 
with us an express adaptation of the varieties of living existence to the magnitude and 
circumstances of our globe ; and it is philosophical to accept this fact as a guarantee that 
a similar adjustment obtains throughout the system with which we are connect(*d. And 
whence this adjustment ? Whence this marvellous proportioning of tlie power of the 
humble crocus peeping above the snow, and the inagniticent rein-deer Iwunding a<'ross 
it, to the earth’s volume and mass, so that the force of gravity is not Kh) strong in the oiu* 
C4ise for the development of the flower, nor muscular ciu'rgy t(H> great in the other for 
the purposCvS of the animal ? Epicurus, upon reading the well-known lines of Hesiod in 
his youth — 

** Kltlost of hfings. Chaos first arose, 

'riuMice Kartli wide-HtrtHch'tl, the steadfast seat of all 
. Till* Iiniiiortals, — 

is said to have proposed the natural (piestion to his preceptor, “And Chaos whence ? ” 
The philosopher originate<l a theory in liis riper years which assigiuMl the creation to a 
fortuitous concourse of atoms ; hut how natural the impiiry, overlo<»ked by the theory, 
“ And atoms wlienee ? ” A sober understanding will not Mt<»p short of recognising a 
pn'siding Providence in adapting the ecommiy td‘ terrestrial life to terrestrial conditions; 
and even so are we warranted, tfom the evidence of what is near, to look upon the 
remote, as the scene of similar adaptations, the <»peration of the same First Cause. 

In regarding the ]danetary worlds as tin* abodes of sentient life ami »>f forms of existence 
kindn^d to tbo>M* which occupy the earth, we are in advance of what is written, or what 
observation detects, but not lieyond what the sobrieties of reason will justify. It may be 
hard to imagine how life ean be sustained under tln^ apparmU. beat of Miurury, (»r amid 
the seeming cold, tin* tn'inendous storms, and rapid atmospheric changes of .lupiter. Uut, 
ignorant of facts, a parallel dillieulty wendd be a stuinbling*bloek to us, in ndation to our 
own planet, wh<*n w<* <*onsider the high temperature of its equatorial r<‘gions and the intense 
cold of its polar circles. Yt?! we have great families of men and animals in each extreme,. 
We meet with human life ujjon the, sidtry plains of Delhi, and on the iec-bound shores of 
Greenland ; uml where the citron, the myrtle, and the palm will not flourish, the, |>ines, the 
mosses, and the lichens grow'. Jt is impossibh! t<» nuturaliscr the elk in England, owing to 
its warmth ; and turn tin? girutfe adrift, and Imw long W'ouhl it survive the chill of the 
climate? Yet eaj’h animal, in eircumstanees to which it is u<iapte<l, is stately ami vigor- 
ous. All the planets arc. plainly of one family as to their physical <*haructer, their 
general configuration, their motions of revolution and rotation, and the, alternation of 
day and night ; and these are re.semblanees which may reasonably lead us to suspect 
other analogies. Tlie fact is also <dear, of Mercury, V(‘nus, Mars, Jupiter, and Saturn 
being surrounded with atmosplu;res ; — a con8tit!iti<m which strongly indicates their (xjcu- 
pancy with some varieties of organisc*d lK*,ing. We know, in the case of our own gl(»bc, 
the important uses of its atmosphere in maintaining animal life, transmitting sound and 
light, and in advancing the arts which Umd to civilise society. Without such a gaseous 
envelope,, bound insejiarably around the earth, its partner in all its motions, — yet no ema* 
nation from it, but a separate element, — the ear would have no office to jierform, the 
tongue would be sjieechless, and the service of the eye be greatly abridged. The song of 
birds, the hymns of religion, the eloquence of senates, and the uttenimre of relative kind- 
ness would perish. The fiercest waves would dash in sullen silence upon the strand ; 
and mankind would have no medium of inter-communication lK*yond that of sign and 
gesture. Wc may well believe., thert^fore, that our world has been furnished with this 
elastic and essential apparatus, in order to adapt it for the reception of animal existence 
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I and intelligent inhabitants ; and the inference is just, that a similar arrangement distin- 
; gtiishing otlier planets, fKiirits to the same destination. It is a possible conception, — but 
we should smile at the credulity of the man who believed it real, — that a fleet of ships 
navigating the WMian, with sails unfurled and ftennons flying, did so without a cargo in the 1 
hold, a crew on board, or an object in view. : 


CIIAl’TKR V. 

COMETS. 

K nil the (M'lestial ol/jects wliicli have arrested the attention of | 
niaiikiiMl, iiniu* have excited such general and lively apprehen- | 
sion as thoM* tip4>n tin* consid<‘rntion of which we now enter. | 
rndoiilitiMlly ihrir su(hh‘n app(‘anint‘c, rapid movements, and j 
(M'casionally extraordinary aspect, W(‘n* calculated to awaken 
terror in ages of ignorance and superstition, and to originate 
the wild conjectures that are on record respecting their cha- 
racter an<l office. 'FIh* Romans rc'garded a comet which was 
seen in the year 44 before our era as a celestial chariot conveying 
the soul of C’jcsur, who had been assassinat(*d a sliort time btifore 
its advent, to tin* 8ki<^s. C<unetary bodies have been deemed the vehicles in which 
departed spirits are shipped by their guardian angels for the realms of IWadise ; and on 
tIuMdher hand, "th(‘y have been viewed as the uetivi* agents of natural and moral evil 
upon the surfiu’e of tlu* earth, and been formally consigned to eceh'siustics for excommu- 
nieatioii and cursing, A volume of lu) ineonsiderahle dimensions might be compiled, i 
and not without interest, from the uceoiiiits of old ehronich*s resp(*eting their appear- 
anees, registering the (piaintly expressed opinions of the <“hroiiiclers (nmeerning them, ’ 
the terrestrial events they have tacked to them as effects to a cause, and the deportment i 
which men have been moved by the apparition of 

“ the l»lii/.ing stiir 

'nimit'ning tin* world with lainiiU', )ilugiu', and war : 

’l\> priiu'fs. death ; to kingdoms, many rrmsts ; 

’J\> all estates, inevitable hisses; 

'J'o lurtUiiieii, lot; to |iloiighmen, ha|di*ss si>n.sons ; 

‘fo sailors, storms ; to eities, civil tieavins.” j 

We have the wonl comet from the (ircck or hair, a title whiclt had its origin in the 
hairy apj>caraiicc t>lten cxhil»iti*d, a nebulosity, haze, or kind of luminous vapour, bidng 
one of tiic clmnu'terirties of these IkhIics, Their general feature.s are a tlefinite point or , 
nucleus — a nebulous light surrounding the nucleus, the hair, called by the French cheve<- | 
iure — and a luminous train preeeiiing or following the nucleus. Milton refers to one of j 
tliese attributes in a passage which countenances the popular superstition: — | 

** Satan stood 

Untmifinl. nnd like a conu*t bumiHi, 
niat tin's the length of Ophturus huge. 

In th* oretic sky, and from iu horrid hair, 

Sliokes pestilence and war," 

Anciently, when the train precediNl the nucleus, as is the case when a comet has passed 
its pt*riht*lion, and recodes from the sun, it was called the beard, l>eing only termed the tail 
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when seen following the nucleus as the sun is approached. This distinction has disap« 
peared from all modern astronomical works, and the latter name is given to the append- 
age, whatever its apparent position. Neither this luminous attendant, the tail, nor the 
nucleus, are now considered essential cometary elements, but all bodies are classed as 
comets which have a motion of their own, and describe orbits of an extremely elongated 
form. There are several plain points of ditlereiiee between comets and phin<*ts. The 
planets move in the same direction from west to east, whieh is astnmomieully eall(*d 
direct motion ; but the movements of cornels arc often from east to wi^st, or retrograde. 
The orbits of all the planets are eonfnitHl to a zone of no great breadth on either side t>f 
the ecliptic ; but the paths of comets cut the ecliptic in every direction, some being even 
perjiendicular to it, traversing the lieuveiis in all parts. The contrast is striking likewise 
between the forms of their rt\speetive orbits. A hiK>p will with no great inaeeuruey 
represent the courses of the planets, but the eoinetary paths are immensely elongated 
elli{>scs, their breadth bearing no proportion to their length. Only one end of the ellipm* 
lies within the visible, limits of the si>lur system, in the ease of tiu* great iiiajonty of these 
bodies. They only visit oiir gaze therefore during one part of their course, and that a 
very small part, travrdling during the rest of their journey far beyond the. range of the 
most distant planet, into spacers inaeeessihle to onr sight. TIu^ eireumstances of their 
motions plainly distinguish tliein 1‘roin the planets, fixtul stars, and nehuhe. Planetary 
configuration is also unifonnly globular, but the exttM'iial appi*aninces of comets exhibit 
great diversities of f(»nn, fr<mi that of an irregular wisp of cloud tc» a simple spherieal 
luminosity, or a strongly-detined seiinitar-slmpe<l usp(‘et. 

Most of the uneienls, ibllowing Aristoth*, regardetl eoinets sinn»ly as im^teors born and 
perishing in tlie atn»os|)liere of the earth. Seneca, however, elearly classed them with 
the enduring realities of nature, having a definite path, and not wandering uneertaitdy 
through a truiisie?it existence : “ I cannot beli<*ve,” he observ(‘s, that a comet is a fire 
suddenly kindled, but that it ought to be ranked uinong the et«*rnul works of nature; it 
has its proper place, ami is not <'usily imncd from thence; it gt»es its course., urnl is not 
extinguished, but run.s oif from us;” and in a pu.s.s)ig(^ already (jiioted, he anticipates the 
arrival of a Newton or Halley to cleterniiiie their orbits, and the. laws of their motions. 
Tycho Brahe txKjk the initial step in the path of true diNe(»v(‘ry by a.ssigning them a place 
out of the tern*strial atinosjfiiere. By careful ohservatitm ctf tin- comet of lo77 h(? proved 
its extra-lunar p<»sition in space. ’It yielded no Kcnsihle diurnal parallax, nml was therefore 
l>cyond the regioji of the iikmui. Hevelius n<*xt ascertained tin* eomravity of the orbits ol 
comets, which Tycho Innl supposed to be straight lines. Newton demonstrated their real 
path round the sun to he eitln*r in a parabola, an ellipse wliow tninsverse diameter is 
extended to infinity, so that they ayipear, vanish, and an* gone for ever, nr in an ellipwj 
so elongated as to be inseiisildy ditb-renf from a parabola within vi.sihle limits. Halley 
finally, after a laborious compari.s<»n of elements, arrived at a measurable ellipse as the 
orbit of one of these bodies ; and predicated the periodic n turn of the object, wliieb bus twice 
apf>eared at the time ajipointed to verify bis cimcliision. The diagram rcpnwiits a part 
of the path of one of the long pcrirsl c<UTicts, that of IGHO, obviously hut a very small 
part, as it was deftcril>ed in little better than two months, and tlie |MTi<»dic time is suj»po»fi<j 
to be not less than five hundred years. The din*ctiori of tin* InmimMis train or tail in 
shown, the frequent attendant of cometary bmlies. I'his is nearly always away from the 
sun, frequently assuming a curved form. It increuH*s in length with its f)roxiiiiity to the 
solar Ixxly, but does not acquire its greatest extent until after the jMTihelion or the point 
nearest to the sun is passed. If we regard the train as vaporisation produced by the 
intense heat to wdiich the b<Mly of the eomet is exfK>.Hefl uf>on approaching the nun, this 
accounts for its increasing length and greatest extent after the perihelion, junt an it in after 
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the eummer solstice that the earth attains its highest temperature, although its daily supply 

of solar influence is then actually diminishing. 
The cornet appears in the diagram at its 
perihelion passage merely for the sake of 
illustration, as in that part of its course it 
was completely lost in the solar blase. In the 
other jiositions it was observed at the times 
stated by Cassini, Newton, Halley, and 
Flaiiistead. 

Coiiietary statisticians have compiled a 
record ol’ between seven and eight hundred 
appearances since the commencement of the 
C'liristian era. But little dependence can be • 
pliK-ed upon this enumeration, as simple me- 
teors and such phenomena as new stars were | 
eonfoiimied in former times wdtli true cornets, i 
ami iiistnnees of the I’c-appearnnce of the | 
same body are no doubt included in tlie i 
return. During the age of eometary astro- 
n<uiiy down to the year 1831, the orbits of 
137 have been observed; and of these, the 
perihelia of thirty lie within the orbit of 
Mercury. 'fhe Ibllowing calculation bus 
been founded upon this fact. The radius of 
tlie orbit ol' MiTcury is to that of Uranus | 
as 1 to4i>; in other words, the latter is 49 

times mt»n‘ remote from the sun tliiui tin* lormer. Assuming the jM.*rihelia to be 

distributed ns thickly tlirougli tin* system ns within the t»rbit of Mercury, the number 

circuiuseribetl by the pritb i»f Uramis will be to the numluT boumled by llie j>;ith of 

; Mercury as the cube of the respi cti\ e radii, or 1^.’ 49' ! *, 30=3,o29.470, giving \ 

upwards (»f three millions and a half as the nuinher of comets visiting the system, 
j Some raise the nuiulM r us high as seven iniUi»»ns, suj)posing that owing to fogs, daylight, i 

I and great soiitlaMii di ebuatioii, one out of eviTV two comets that have their perihelia ? 

: within the <M*hit of Mnaan'v rseap«' our notice. But the premises u|K)n which this 
I calculation i.s fouudiMl s<Tm to be ernmeous. AVe have no more reason al»straetedly to 
I infer the ispiable disiribution nf tlu‘ pt rilielia «»f eomels in the system tban of the 
; planetary orbs ; ami the observed perilielion jdaee of tl»e 1.37 whose elements have Iweii 
, Studied is against sneb a (‘om-lnsion. Of that number, there are 

MlT<’UrV lUlii tlu‘ sun 

rri'ury aiui Vimui'* 

Vfiiiis uiui b.irlli 
I'.iirtli ait4i .Mars 
Mars iiii.i .liipitrr 
Puitlua than Jupiter 

\'M 


;M> cuiiieU. 
A 4 

a 

I) 




Ijitn S: i6it J 
AW n 2S i /, * 

^'w.24 : 



Vtrikiliott . 


Timm ns far as obs(*rvation has pnHHaaled, there is no inerease in the number of perihelia 
pro|K>rliomite to the extent of the plam'tarv .spliort\S which the prccetling calculation 
assium's. Arrejo has supplied sevend interesting and instructive analyses respwting the 
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observed comets. Thus, the aumber accomplishing the perihelion in diiTei'ent mouths is as 
follows : — 


January 

14 

April 

10 

July 

10 

OctolHT 1 1 ! 

February 

10 

May 

9 

August 

8 

November 18 j 

March 

8 

June 

11 

September 

15 

December 19 i 


The motion of 69 was dinM't, or from west to east, and of 68 retrograde, or frtmi east 
to west. The annexe<l tahlt^ shows ll»e inclination of their patlis to the plane of the earth’s 
orbit, from which, it should be remembered, the great planetH very slightly vary ; — 

Iiirllniitinn. liiolliiiitUm. 

9 comets ... (F to l(*° 17 comets . - • to 70® 

J;i — - . - 10 — ‘JO 19 — - - .70 — 80 

10 - - - ao — .M) 15 — - - - 80 — 90 

17 - - - 90 — *10 — 

14 — - - ‘10 — 50 197 

Oft — - - - 50 — #)0 


The peritMlic time of these comets has been calculate*!, and HUpp(»sed to be in the follow- 


ing cas<‘s : — 

Y*'ar 

1807 


IVriiHt. 

- 151:1 yeiirs 



Authority. 

• lleMi'). 

IHil 





- IlcHHCl. 

. , 


•JHMh — 



- Argelatiiler 

1815 


• 7‘J-—77 — 



, Hcfoicl niui otlieni. 

ISI9 neeoiul comet - 


5.1 - . 



• F.iu'ke, 

181 9 fourth etmift • 


9] — 



- Kiieke. 

I81J 


- (t(t — 7f» •“- - 



» Kilt ke. 

1 8g*J secooil comet - 


. 1550 — 



- Flieke. 

18‘J‘i thiril e(»met 


. 1817 — 



« Htiinker. ' 

1 S‘J5 fourth cotiiel • 


» 559 — » 


• 

• 1 launeii. I 


'riiese preiiielions nmiuin to la* verified. In a few eases only has the periodic lime hceii ! 
esUblisiied by the return of the bu<ly, Kiicke's comet bus u ptjriod of yours j Jiielu's, • 
6J; ami Halley’s, 7.H* 

The three features of m-hulosity, inieliMis, ami tail, are usually assigiieil to ejujietary 
bodies, but many are d<*stitule of the latter uppemlag**, and also without any eltsurly 
defined iiueleiis. They a|»peur us simfde nebulosities, gl<d)ulur inasseH of vu[>our, having 
no central comlensution, thnnigh whi<*h the feeblest of the stars nwlily shine, llerseliel 
|»erceived a star of the sixth magiiitudii through the e4‘iitre of the comet without iiueleiiH 
of the year 1795; and a star of th**, eleventh luagnitmle was jierhualy distinguished by 
Struve through the middle of om* of the .‘•liort-peritMl eoiiu ts. Others ))resenta nueleus 
stnmgly defiueil, with surrounding m'hulosily, the “ lH)rri*l hair” of poetry, 'i’hc 
vapoury envelope is dim t^jwards the eentrul point, hut smhlenly Iwcomes iuriiinous 
at some <listancc from it, so as. to resemble u ring resting in ecpjilibrium around u star, | 
like the ring of Saturn. The comelary nuclei often shine with a light as vivacious aa i 
that of the planets, and exceed them in splendour upon nearing the sun. They vary 
corifliderably in their diaiiHiters, hut are in general very small. Tlu; iiiettMureJnent of the 
diameters of five given by Arago range Is^tweeri thirty-three miles and three thousand 
two hundr(?d. The external appearance of other comets exhibits the three, features 
combincnl, and these* are remarkable objects, wcasionally pre.Heniing a U«rrific aspect. 
Immense spaces are sometimes covered by the luminous trains, or tails, as much as ninety 
ora hundred degrees; so tliat while the nucleus has been lH'h»w the horizon, the train has 
reached the zenith, stretching through an extent f)f nearly a hundred and fifty millions of 
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miles. The tails appear to stream from that part of the nucleus which is farthest from 
the sun, but seidoiri in the direction of a straight line joining the two bodies. Thej 
generally exhibit a sensible eurvuture, bidding towards that region of the heavens 
last quittL*d by tlu; cunnet, and eas<*K have been observed in which they have formed 
a right angle with the iiueleiis. The figure represents their common form, the arrow 
showing the direction of the comet’s motion, and tlie dotted line 
the direction of the sun. 'Jliere is great enlargement in the 
hreudtii of the tail, as its distance from the nucleus increases ; 
and an obs^ture stripe upfa^ars passing down the middle, which 
lias suggested tlie hypothesis of a hollow' luminous cone. It is 
obvious tliut whether eoinets shine by inherent light, or reflect 
tlui solar rays, if the train lx; a hollow eone, a much greater 
nuinher of nebulous particles will he in the direction of the eye 
at the si<les than at the, centre, whicli will aceount for the 
int4‘ri«»r ciiiii strips*, and tlie exterior brightness. Comets, 

I however, arc by no iiu'ans eonfirusl to om; train eacdi, hut as many as six have been 
i uhst;rv«Ml appended to the same nucleus. While these variations of form may be due 
in a imaisun* to ditferent v<*l<» ilies, it is ch*arly ascertained that the aspect of the same 
conietary Ixxly undcrgcM's great changes in its perio<J of revolution. In recognising , 
two apparitions as appearances of the same: body, after having accomplished its periodic 
tiim\ ustrononuM’s do not (h‘pen(l upon tin; circumstances of shape, size, or brilliancy being 
similar, hut upon tin* elements of the path being accordant. 

Towards the close of the year 1(>H(), a comet, illustrious on account of its observers, 
and apparently formidable from its aspect, appeared within the visible limits of our I 
system, and approximated nearer to its centre than any body of whicli we have any 
record. It flnully vanished 1‘nmi t4*rr«*strial gazt; in the month of March ItiHI, and has 
not since been se<'ii. 'riie mind of Kuro|H.; was profoundly impressed with tlx; vast size, 

: veUx’ity, and form 4>f this object, w hiidi engaged tin* accurate observation of Flamstead and 
(hissini, and the imitlumiatical scii'iiee of liernouilli, Mewtoii, and Halley. After its 
perihelion passagi*, its npp4;aranc4% as seen from l*aris ami particularly from C'onstantinojdc, 
wots im>st imposing. The train rcaclu'd to tlx- Z4*iiith when the nucleus hud set below the 
horizon, <*oruscati<»iis uttemling tlx- whole length of the luminosity, giving to the phe- 
nomenon the aspect of a w rathful messciigiT, and not that of a tranquil body pursuing o 
harmless (xuirse. Tlx* gn atost length of the tail was computed to he 12d millions of 
miles, and in two days nii exttmt 4»f(>() millions of miles was emittiHl from the nucleus. 
Its Hvemge vehx’ity was upwards of H(K) thousand miles an hour. A traveller through 
our hellven^ covering such a space, and rushing wdth such speed through the firmament, 

I might w'cll excite the :ist«inishnx*iit of mankind. It must not he imugiiXHl that this rate 
I of motion is its average orbital vehauty. In obtHlience to the Kefderinn law' its pace 
I sincketis in receding from the sun. According to the eoinputution of New'ton, this liody 
approacheil the sun w ithin tlx> Itk'lrd part 4»f the semidiumeter of the earth’s orbit, Ijeing 
rather inort; than half a million of miles from his centre, and not more than 144,000 
: apart from his surfiux’. If the projectih* force had been stop|M’d, in three minutes it 
would have closed with his mass. In sixdi a situation it must have b<vn exposed to a 
temperature wrhieli in an iiistaiii wiudd dissipate any substance with which we are ac- 
quainted. New'ton ouleuhited tlie body of the comet to have been heated to a degree two 
I tlxnisand times greater than that of re<l-hot iron, lliis comet is sup{K>sed to l)e identical 
with the one that ap|H:uire<l iilHUit tlx* time of Ca*sar*s death, with that which was seen in i 
the ndgn of «1ustiiiiiiii in the year odl, and with another in the year 1106 in the reign i 
of Henry 11. (’omparing thes** ilat^s we find, from Iwfore Christ 44 to 531 leaves a j 
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period of 575 years. Again, from 531 to 1106, leaves a second period of 575 years; 
and from 1106 to 1680, a period of 574 years, which Newton supposed to be about its 
periodic time. If this conjecture be correct, the comet is now winging its flight from 
the sun far beyond the orbit of Uranus, and will not return from its long pilgrimage 
to revisit the fountain of light till the year 2255. Ilow vast tlie circuit ! How opposite 
the circumstances of the two extreme points of the route — the perihelion, in the 
immediate neighbourhood of the solar glory — the aphelion, at the prt>bable distance of 
13 thousand millions of miles from him! At the fur extremity, the sun, if observiHl 
by a spectator, would api>ear simply as a point of light, and at the other extremity 
the solar orb would be seen nearly lilling the whole hemisphere. At the first recorded 
appearance of this comet, it was seen as a long-haired star in the skies of Home 

during the games which the youthful Augustus exhibited in honour of Venus and 

his uncle, the assassinated C4esar; and while the inhabitants of the capital hailed tlic 
object as the Julium Sidus, conveying aloft the soul of the dictator, his ambitious 
successor secretly regarded it as a pn^sage of his own glory, while a))parently falling in 
with the popular notion. Pliny has preserved to us his j)uhlished memorial re8|>ecting 
it, wduch ran as follows : — “ In those days during the solemnity of my games there was 
8«'en a blazing star for seven days together, in timt region of the sky wliich is under 
the north star Septentrioiies : it arose about the elev<*nth hour of the tlay, bright and 

clear, and was evidently seen in all lands: by that star it was signified that the soul 

of Cicsar was received among the divine powers of th(^ immortal gods.” At its second 
exhibition, in the fifth year of tlustiiiian, in the month of S«‘ptemU*r, tlie comet was seen 
during twenty days in the western heavens with a tail inclining towards the north. The. 
llyzantine writers applied to it the name of Lampadias, iu'cause of its reseinblance to 
a burning lamp. Its third visit is mentioned by the chroniclers, wht> descrilw it os 
like the blaze of the sun, having an immense train. At xU fourth return, tliere was 
a cultivated science aide t(» grapple with its phenomena, and divc^st them of a super- 
natural character. U|M)n its //‘/if// appearance, after nnuH; than three centuricts and a half 
from the present have elapsed, if the estimate (»f tin* periodic time be correct, (liblnm has 
s[>eculatcd Uf»ou its course and phase* engaging the astronomers of* some future, capital 
in the Siberian or American wilderness. Calculating backwards the ]>eri(Hlic time, 
Whistoii brought a return of this comet into coincidiuiee with the era of the De.luge, of 
which he conceived it to have lM*en the agent. He broafdied likcswise the preHUin[)tuous 
fancy of lost spirits Ixurig incarc(*rated in this body, and hurried by it to the extremes 
of j)eri8hing cold and devouring fire, as a part of* their punishment. Such chimeras 
deserve no serious notice. 

The first comet whose return w'jis pr<*flieted and determined made its appearance in 
our heavens in the year 1682, the year firdiowing that in which the preceding ha<l va- 
nished. tThough far inferior in magnitude and splendour to its predecessor, it was a 
considerable object, and has now b<u*onie in c<ms€*quence of its asstxdations one of the 
most interesting bodies of the sysUmi. It presented a tail extending through thirty 
degrees of the hemisphere ; and while science watched its movements, the eye of the 
populace rested upon its form without alarm, as the former had signally faihid in causing 
any direful catastrophe. The views c»f Newton who had spokem of the older Ixxliea aa 
planets without tails, and of comets os a sfxicies of planets revolving almut the sun in 
very eccentric orbits, had arrested the attention of Halley; and probably his remarkable 
achievement was suggested by the following jiassage in thfi third l>ook of the “ Principla," 
— *^1 leave the transverse diameters and times of revolution t4) lie determined by the 
comparison of comets which return after long periods of time in the same orbits.** Upon 

this hint Halley commenced calculating the orbits of all the comets upon which definite 

I 
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observations bad been made, twenty-four in number, for the purpose of comparing their 
elements — a work of immense labour and difficulty, of which the present Astronomer 
Royal has remarked, that in all probability he was the only person then in existence 
who could have performed it. He found the elements of two comets to coincide with 
tolerable exactness with those of the comet of 1682, as follows: — 



b 
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49® 25' 
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301® 39' ; 56,700 
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|a. Year iif tli«* cornet, b. lArnj^itiide of ascending node. c. Inclination of the orbit, d. Longitude of the 
perihelion, e. Perihelion distance from the sun, that of the earth being 100,0(X). /. Time of the 
cornet arriving at its perihelion distance, p. Distance from {lerihelion to ascending node. h. Direction 
of the comet’s motion. 

The gericriil elt^rnciits Uvrv arc pretty clu.sely analogous. With reference to the periodic 
time, tfiere is, from 

Aug. 24. l.'I.n, to Oct. Id. ld()7, - - 7C years .W days, 

Oct. J6\ ld07, to Sept, 4. IdH'i, - - 75 years wanting 42 days, 

a (lifTereiiee of about fifteen month.s. This Halley conjectured might arise from the dis- 
turbing adion of tJuj (dnnet.s, a eorroct idea, and one of great sagacity, us the theory of 
j planetary di.sturhunee was hut then in its infancy. Upon tliese data, therefore, he ven- 
turtal iht^ conclusion that the three appeuruiiees were returns of the same comet, which 
would reappear after the lap.se. of u similar intt‘rval. Ills words are : — » Nothing seems 
to contradict this my opinion, h<‘sides the inequality of‘ the periodic revolutions, which 
inequality is not ho great neitluT, as that it may not be owing to j)hysical causes; for 
the motion of Satiirn i.s .so disturbed by tin; rest of the planets, cspeeially Jupiter, that 
tlie perioilie time of that planet is uneertuiii for .some whole days together. How much 
more, therefore, will a comet he subject to such like errors, which rises almost four times 
higher than Saturn, and whose velocity, though increased but a very little, would be 
sumeient to change its orbit from an elliptit-nl to a parabolical one.^ This, moreover, 
confirms me in my opinion of it.s being the same C(»met, that in the year 14o6, in the summer 
time, was seen jaLssing retrograde, between the earth and the sun, much after the same 
manner ; which, though m>l)04|y made ohstTvutions uj)on it, yet, from its period and the 
manner of its transit, I caiimot think different from those I have just now mentioned. 
Hence / c/«rr venture to foretell that it will return again in the year 1758.” Subse- 
quently his tone grew more decided, lli.storieal records supplied some further links to 
the chain of cMinetury a^qHaminces after nearly the same interval. Thus: 

YeomofeomeU- - 1155 l-io isa? 1380 1456 1531 1607 1682 

IntmalH .... 7 .; -r, 7 , 

The astronomer was confirmtHl by this evidence in the accuracy of his prediction, and 
called upon all j)08tority to rememlier that an Englishman had announced it. The pro- 
phecy was no random gue.s.s. It was not founde<i merely ujion the coincidence of the 
dates, but a result obtained, in the case of Um last three comets, from the close agreement 
of the elements of their orbits. 

f>roat cariosity was excited os the year 1758 approached, to ascertain whether the 
prediction would be verified. No dtmbt existed upon the subject in the scientific world, 
but some apprehension was felt lest circumstances should be unfavourable to a perception 
of the phenomenon. ** We cannot doubt,” observed Lalande, in 1757, “ that it will 
return ; and even if astronomers should not see it, they will not be the less persuaded of 
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its return. They know that the faintness of its light, and its great distance, perhaps 
even bad weather, may keep it from our view ; but the public will find it dithcuU to 
believe us ; they will put this discovery, which has done so much honour to modern 
philosophy, among the number of predictions made at hazanl. We shall see dissertations 
spring up again in the colleges, contempt among the ignorant, terror among the ptniple^ 
and seventy-six years will elapse before there will be another opjK»rtunity of removing all 
doubt.” Lalande engaged with Clairaut and Madame Lepnute in calculating the attractive 
influence of Jupiter and Saturn upon the comet, which might change to some extent 
its time of perihelion. “ During six months,” he remarks, “ we calculated from morning 
till night, sometimes even at meals ; tlie consequence of which was, that I contracted an 
illness which changed my constitution for the remaimh'r of iny life. The assistance 
rendered by MadaniC I^pante was such, that without it we never could have dared to 
undertake this en<»rmou8 labour, where it was necessary to caleuhitc for every degree, and 
for 150 years, the distance and f^ree of each of the two plaiu‘ts with res]M‘ct to the 
comet.” They finally announced in November 1758, just ns astronomers began to haik 
out for its return, that the comet would employ (>18 days more to return to th<^ perihelion 
than on the preceding revolution ; namely, 100 days fnun the efleet of Saturn, and 518 
davs from the action of .lupiter. Tlie perihelion was placed therefore* ah(»ut the middle 
of April 1759, but C'lairuut distinctly forewarned the world, tliat being pn ssed for time, 
he had negleeteil small values, which eolleetivciy might amount to, mon* or less, about a 
month in the seventy-six y(*ars. 'Fhe event realised the anticipation of JIalh*y, and 
answered as nearly as |K»8sibU* to the ealeulations <d’ the Fn*nch philoHophers. I'hc comet 
was first seen from the neighbourh<»o«l of Dresden by (leorge IVlitzeh, a farmer by 
profession, but a self-educated astronomer. This was on Christmas day 1758, with an 
eight-feet telescope. It W'us afterwards seen at Paris, heipsie, Lisbon, ami (’udiz. It 
passed its perihelion on llic 12th of March 1759, exactly a month before llie time 
anmmniMMl, but within tlie assigned limit of divergence from that date. Tlie elemcntH of 
its orbit j»re laiined it to Im^ the comet of the former periods by their Hiiiiilurity. The 
following is Lalande’s deduction, the letters indicating the particulars coniuicted with the 
table aln'ady given : — 

a h c d e f h 

175<) 17*^ *10' 8' 5H I‘K) March I i? Uclrogrmle. 

Another period of revolution has transpired since tlie time to which we are referring. 
Dating seventy-six years forward, we are brouglit to the year 18:i5. AftcT estimating 
the action of the jihiriets, Damoiseau, of the French lloanl of Longitude, fixed the 
perihelion pufisage on Nov. 4th of that year, and Ponteeoulant on Nov. L'Uh, a diflerence 
of nine days. H )th agreed that the lirst app<*uranee of the comet would be in th<^ early 
part of August and the jHirihelion certainly about the midille of November. The coimjt 
was seen at Home Aug. 5tli, and passed its perihelion Nov. Ifith. The fictitiousnesH of 
the representation, 

A pathlcfw comet, and a cume, 

The menace of the uni vena; j 
Still rolling on with innate force, 

^I’ithout a sphere, without a counu!,'* 

has thus been demonstrated, and these IkkIIcs proved to be constituent meml>cr» of our 
system, obedient to the law of gravitation, which keeps them within prescribed limits and 
in definite orbits, as with bit and bridle. 

We may now glance at some of the afipearances of this comet at its successive returns, 
as far as historical records supply information. 

The comet of 1006 is conceived on good grounds to have l>e<*n identical with that of 
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1682. Its fiT$t recorded appearance was thus immediatelj prior to the Danish invasion 
of England, and during the declining days of the empire of the caliphs. Hali-ben-Rodoan 
mentions the immense curved tail in the form of a scythe. The head appeared four times 
I as large as Venus. The uecond visit, which must have been about 1082, in the reign of 
1 the Conqueror, is unrecorded : and the third and fourth^ in 1155 and 1230, are merely 
j mentioned by the annalists, without any detail. Its Jifth return was in the year 1305, 
i when the papal chair was removc^d to Avignon, the Swiss cantons were effecting their 
i independence, and E<lwnrd I. tyranniMing over Scotland. At the season of Easter, this 
■ “ gn^t and fearful star,” as it was called, was perceived, but so far from raising the 
; teiii{K;raturc, a Huppo8<*d comctary efftntt in laUtr times, a general cold prevailed over 
Europe*, and a 84.!vcn‘ frost in England at Midsummer destroyed the corn and fruits. 

! History gives no particulars of its next visit in 1380, but in 1456 its appearance filled j 
: all Cliristeridom with consternation. It passed very nc‘ar to the earth, and swept the 
I heavens with a tail extending over sixty degre<*s, in the form of a sword or sabre. The 
I Turks had just become musters <»f C'onstantinople, and threatened an advance into the 
I heart of Kuro|K!, The comet varitiusly excited hope or fear, according as it was deemed 

the friend of the crescent or the 
' ... cross. At Constantinople, the 

^ 1 ^ ■' occurrence of a coincident lunar 

^;%r- eclipse increased the portent- 

oiisness of the event. Phranza, 

’ ‘ ^ grand -chamberlain and principal 

^ 8(‘crctary to the last head of the 

y-- (ireck Roman empire, reports: 

^ ‘ — * Each night, soon after sun- 

^ 7 . , ’ V ' set, a comet was seen like a 

W T-S^ straiglit sabre, approaching the 

>. nuM>n. The night of the full 
^ haying arrived, and then 

— ^ gular process and circular orbits 

of the celestial lights, as is cus- 
U>mary — some jMTsons weeing the darkness of the eclipse, and regarding the comet in form 
of a long sword which anwi* from the west, and travelled towards the east, approaching the 
moon, thought that the eoiiu't in shape of a hmg sword thus designated, with regard to 
Uie darkness ot the mo<in, that the CUiristiuris, inhabitants of the West, had agreed to march 
against the I urks, and would gain the victory ; but the Turks, also considering these 
things, became not a little fearful, and had great discussions.” The pope, however, 
Calixtus III., regunh^l the eomet as in league with the Moslems, and ordered the Ave 
Mann to be re|H*ttted by the faithful three tiroes a day instead of two. He directed the 
cliurch bells to toll at nm)n, a custom which still prevails in Catholic countries. To the 
Ave prayer was adde<l, ‘‘Lord save us from the Devil, the Turk, and the 

Comet ; * and once each day these three obnoxious personages were regularly excom- 
municated. There was perhaps as much worldly policy as superstition in sounding this 
note of alarm, for fees accumulattHi to the priesUiood from the increase of confessions. 
The comet at length, after patiently enduring some months of daily excommunication and 
cursing, showed signs of retreat, and Europe breathed freely when it vanished from the 
J*ies. At the eiphik return in 1531, the New World bad been discovered, and by the 
invention of printing the foundation had been laid for the intellectual and religiout 
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reform of the Old The comet then seen in Cancer was of a bright gold colour. In 
1607, the ftifiM visit, the C^opernican system had been broached, and Galileo and Keppler 
were labouring to establish iU The course of the comet was observed tlirough Ursa 
Major, Bootes, Serpentis, and Ophiuchus. Its light was pale and watery. The tail is ! 
deaiTilied as long and thick, like a flaming lance or sword. The apparent magnitude of 
the head was greater than that of any of the fixed stars, or Jupiter ; and, soy the chronicles 
of the age, of its direful cflTects “the Duke of Lormine died” — “a great war Udween 
the Swedes and the Danes.” “ The comet does me much honour,” was the remark of 
Cardinal Mazarine on his death-bed, when informed by his servile attendants that 
one had made its Appearance. It is happily said in Shakspeare, in allusion to this 
sycophancy, 

“ When lieggars die thorc are no conietK Keen.’* 

The tenth return brings us to the time of Newton and Halley. Cassini calls it then as 
clear and round as .lupiter, referring to the nucleus. At 
the eleventh revolution in 1769, it w'us n pale and feeble 
object. Messier was obliged to use a powerful reflecting | 
telescope. ]*ulitz<’h, indeed, caught it with the naked eye \ 
once, but lu* one else appears to have done so. In 1835, | 

the twelfth advent, it was much more distinct, and was 
frecjuently seen without a telescope presimting the annexed \ 
appearance. 

Its tlnrtvvnth return will occur in 1911, when the present 
generation shall have passed away, and the few remaining 
infants of to-morrow be anticipating the infirmities of age. 

The later apparitions of Halley’s emnet have thus been 
far less brilliant and conspicuous than its earlier exhibitions. 

At its four hist pcrio<lic returns, it bore no nw^mblance to 
the comwta horrendw maf/nitudinis (if tlie year 1305. Arago conjectures that tin* cotiH'ts, 
in describing their immense orbits, disseminate in .space at eaeli revolution all th<^ matt(T 
which when near the perihelion is detached from the nucleus and I'orms the tail. It is 
clearly possible, thcref<»re, that some of them may in pn»eess of time c<»mplete.ly waste, 
away, unle.ss by travelling through similar detached trains, they riTover a (juantity of 
matter sufficient to compensate for their own losses. We may Udieve, also, that dissi- 
pation occurring, the same body that now presents an inhignilicaiit ap|;M‘aran(;e, exhibitird 
a bolder front in days of yore, though the early annalists and artists have undoubtedly 
borrowed largely from imagination in describing these bcslies. In a celestial atlas published 
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about the year 1680, several drawings of comets occur, from which the annexed are selected 
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It is evident that these artistic efforts are not true to nature, however true to such wild 
and distorted de»crij»tions as the followinj?, from the “ Exempla Cometarum” of Rossen- 
burg, a contenij>orary of Newton : — “In the year 1527, about four in the morning, 
not only in the l^alatinc of the Rhine, but nearly over all Europe, appeared for an 
hour and a quarter a most horrible comet, in this sort. In its length it was of a 
bl(X)dy colour, inclining to saffron. From the top of its train appeared a bended arm, 
in tlie hand whereof was a huge sword in the instant posture of striking. At the point 
of the sword was a star. From the star proceeded dusky rays, like javelins or lesser 
swords, as if imbrued in blood, between wdiich appeared human faces of the colour of 
blackish clouds, with rough hair and beards. All these moved with such terrible sparkling 
and brightness, that many spectators swooned with fear !*’ 

llefore w(j finally take h^ave of the comet of Halley, some notice may be bestowed upon 
his claim to the distinction of being the first to foretell the precise j>eriodical return of 
one of these bcKlies. This has been disputed, and assigned to Newton, on evidence 
recently d<;tailed in one of the leading journals, but wliieh certainly cannot be admitted 
to invalidate his pretensions. It is affirmed that previously to the appearance of the comet 
of 173(), Colonel Guise told Whiston that Sir Isaac Newton had said in his presence, that 
“ though he would not say lie was sure of it, nor would [uiblish it, he had some reason to 
believe that a comet would return about the latter end of 1736.” Another witness also, 
Mr. Howard, is cIUmI, ns having heard him make a similar remark ; and upon being 
questioned concerning it, it is stated that “he seemed to draw back, as sorry that he had 
said so much, but still could not deny that he had such an expectation.” Wliiston 
therefore says : — “As far ns we yet know. Sir Isaac is the very first man, and this the 
very first instanct*, whtu*e the coming of a comet has been predicted beforehand, and has 
actually come according to that predi<*tion, from the beginning of the creation to this 
day.” Thomson seems to fall in with this idea in panegyrising the great philosopher: — 

“ lie, first of men, with awful winp; 

'I'hi' comot. tiiroii^h tiic long t'lliptic curve, 

As 'long iiinuiucruiis worlds he wound his way, 

’fill to the ftirchoiid of our fvening sky 
Kctiini’d, the hla/ing wonder glures anew. 

And oVr the trembling nutions shakos dismay,” 

This is all the evidence that ran be arrayed in favour of New'ton ; and obviously its 
hearsay source, witli tlie dubious tone of the testimony reported, cannot weigh a feather 
in the scale against tlie claims of Halley, whose prediction was the result of careful 
comparison, and os such laddly jmhlished to the world. 

The next most remarkable etunet of moilern times apjwared about the middle of 
December, 1743, end continued visible during the spring of the year following. 
On tlie 1st of February, according to Chizeaux, it was more brilliant than Sirius, 
the brightest star in the lieavens. On the 8th it equalled Jupiter, and was visible 
in the presence of the sun at the In^giiining of the next month. By selecting a 
convenient situation many persons saw it at mid-day without glasses. Several 
instances of similar brilliancy are on reconl. Justin mentions a comet which appeared 
at the birth of M ithridates, and overcame the brightness of the sun by its splendour ; and, 
however this may be an exaggeration, there are many well-attested cases of these bodies 
being seen by broad daylight The Caesarian comet, two others in 1402, with one in 
1532, were tlius visible. The fine comet of 1577 was seen with the naked eye by Tycho 
Brahe before sunset. On account of its brightness and pecultiir form tlie comet of 1744 
excited great attention and intert?st. It exhibited no train until within the distance of 
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the orbit of Mars from the sun ; but, early in March, it api)carcd with n tail divided into 
aix branches, all diverging, but curved in the same direction. Each of those tails was 



about 4° in width, and from 30® to 44^^ in length. The edges were bright and (leeid(*d, | 
the middle faint, and the intervening spaces as sombre ns the rest of the llrinament, the 
stars shining in them. This comet was repeatedly seen in Switzc'rland, with the nuchms 
below the horizon, and the six tails < xtending from twenty t(> thirty degrees above it. 
The 8e<*ne prestmte<l by this remarkabh; bi»dy in the situation re.lerred to was striking in 
the extreme when circumstances favoured the display. 

In the year 1770 a comet appeared which has acquin^l considerable noloricjty from the 
alterations which its orbit has undergone. It was first observed by Messier, a man who 
united great simplicity of character with high .strieniific attainments. Louis XV. called 
him h furet des cowf^e^, from his zeal in hunting after them. He had discovered twelve, 
every one of which, says Htdambre, gained him admission to some, foreign academy. 
While attending to his wife during her last moments, Montague discovered another. 
This was a cutting stroke to Messier, and he cxclaiiiHMl, “ Alas, 1 had discovered twelve, 
and this Montagne has taken away my thirteenth!” Then remembering that it was his 
wife he should mourn for, lie began to say,. “ ah! la pauvre feinme ! ” and went on deploring 
his comet. The elements of the comet of 1770 were calculated by Txsxel, who found for 
its orbit round the sun an ellipse of w’hich the transverse diameter was only equal to 
three times the diameter of the earth’s orbit, which corresponded wdth a period of revolu- 
tion of five years and a half. It was deemed a singular circumstance that an object 
having so short a periodic time, whose greatest distance from the sun was not far beyond 
the orbit of Jupiter, and which shone with a vivid light, should not have been observed 
before ; and the wits of the day made themselves merry, when, at the expiration of the 
appointed term, the comet was not observed to return. It has not l>een seen since ; and 
was popularly called I^xcl’s lost comet. But this sport was premature. The previous 
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invisibility and subsequent disappearance of this body, after once presenting itself, have 
been sufficiently explained ; and a confirmation of the laws of universal attraction has 
been drawn from circumstances apparently adverse to them. Its previous invisibility is 
accounted for by its orbit being altogether different prior to the year 1770, its nearest 
point to the sun being as distant as the path of Jupiter, corresponding, not to five, but to 
fifty years of revolution. Its appearance that year arose out of the fact that in 1767 it was 
in such close contact with the planet, moving in the same direction and in nearly the same 
plane, that the attraction of the sun upon it was not that of Jupiter. This entirely 
ultetred the form of the orbit, and caused the comet to wheel its path towards that of the 
earth, coining within our view, and executing the ellipse described by Lexel in the periodic 
time of five and a half years. But why has not the comet since been seen ? Its passage 
to the point of perihelion in 1776 took place by day ; and in 1779, before another return, 
it again encountered the vast body of Jupiter, and suffered a fresh orbital derangement, 
the attraction of the planet deflecting it into more distant regions. The comet therefore, 
though lost ” to us, is in existence, and in each instance of its change of route has faithfully 
obeyed the laws of gravitation. Those laws in 1770 introduced it as a bright and beau- 
tiful stranger to the notice of the human race, and again in 1779 stopped the fellowship, 
removing the comet into a remoter path, where it is hid from the gaze of man, and 
will be so unless some new perturbation directs its course towards the terrestrial orbit. 

Another comet, exhibiting some remarkable features, presented itself in the year 1807. 
It was assiduously observed by Herschel in this country, and by the continental astrono- 
mers, Schroeter, Bessel, and Olbers. The drawings of the two former are here given, 


taken on two succeeding evenings, which show a divided tail, the separate branches 
having varied their as}H*cts. Coruscations, flickering and vanishing like the northern 
lights, appeare<l to sIukU tmt in an instant from the train to an immense extent. 

In the autumn of 1811, within the memory of many of the present generation, by far 
the finest comet suddenly appeared to adorn our heavens, that has been seen since the 
age of Newton. It was first beheld in this country in the beginning of September, and 
was visible for more than three months in succession to the nak^ eye, shining with 
great splendour, the observed of all observers. This was a comet of the first class in 
point of magnitude and luminosity. Its brilliant tail, at its greatest elongation, had an 
extent of 123 millions of miles, by a breadth of 15 millions; and thus, supposing the 
nucleus of the comet to have been jdaced on the sun, and tlie tail in the plane of the 
orbits of the planets, it would have reached over those of Mercury, Venus, the Earth, 
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and have bordered on that of Mars. At its nearest approach to us, tlio comet was yet 
distant 141 millions of miles, so that even had the tail pointed to the earth, its extremity 
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Comet of IHll M •eeii at Wlnrh««tcr. 


wouhl have been 18 millions of miles away from its surface, 
calculations respecting its period of revolution : — 

Years. Authority. Years. 

30o6 - - - Callendrelli 37«i7 

3383 - . - Bessel 4237 - 


The following are the 

Authority. 

. - Ferrer 

• - Liuniiur 


The mind is astounded at a journey requiring the least of these eycles for its ueeomplish- 
iiient — a period equal to that extending from the fabulous age of Grecian story to the 
present ; nor is the thought less wonderful, of the chain of solar influence following the 
traveller through the whole of its course, and preventing its elopement into the regions 
of immensity. The laws of the system, indeed, impose ufK>n the long-period comets vast 
diflercnces of velocity. The same body tliat rushes round the sun at the nearest point of 
contact with prodigious speed, will move hut sluggishly through the remoter parts of its 
orbit. In computing the perioflie time of the comet of 1811, Lemaur assigned 775 years 
to the half of the ellipse nearest the sun, and 3462 to the more distant half. But the 
space must be immense that has to he traversed by an object whose return is not 
expected, taking the lowe.st estimate given, till the year 4867. The appearance of this 
comet was strikingly ornamental to tlie evening sky. Many a reaper late in the harvest 
field stayed his hand, and many a peasant homeward-bound stopped in the way, to gaze 
upon the celestial novelty as it grew into distinctness with the declining day. The 
Ettrick shepherd has left a memorial of his impressions in the well-known lines ; — - 
** Stranger of heaven, I bid thee hail I 
Shred from the pall of glory riven, 

That flanhent in celestial gale — 

Broad pennon of the King of Heaven ! 

“ Wbate’er portends thy front of fire, 

And streaming locks to lovely pale ; 

Or peace to man, or judgments dire. 

Stranger of heaven, I bid thee hail I ** 

Those who were alive in 1811 will recollect the high temperature of that year— -its 
bountiful harvest — its abundant vintage. Popular opinion assigned these blessings to 
the resplendent comet ; and the wine of the comet was sold afterwards at high prices. 
No doubt, however, but that precisely different circumstances would have been connected, 
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by the public mind, with the same cause ; and this has literally been the case, for ** a cold 
winter,” and “ meteors in Germany,” are referred to the comet of 1680, by a writer in 
1829. The following table, given by Arago, is valuable upon this point 


Yean. 

j Meiin TemfKjrature. 

Number 

of 

Coinett. 

Teert. 

Mean Temperature. 

Number 

of 

Cometi. 

Kcauraur. 

1 Fahmihelt. 

Reaumur. 

Fahrenheit. 

1 H03 

lOO® 

5fi® 

0 

1818 

11-4® 

58® 

2 

1804 

111 

57 

1 

1819 

111 

57 

S 

1805 

9-7 

54 

2 

1820 

9-8 

54 

0 

IHOf) 

121 

59 

1 

1821 

ll‘l 

57 

1 

1807 

10-8 

5fi 

1 

1822 

121 

59 

S 

1808 

1()‘4 

55 

4 

1823 

10-4 

55 

1 

1809 

10-6* 

5(i 

0 

1824 

11*2 

57 

2 

1810 

lOfi 

56 

1 

1825 

11-7 

58 

4 

1811 

12 0 

59 

2 

1826 

1 1 4 

58 

5 

1812 

9U 

56 

1 

1827 

10'8 

56 

3 

IHIH 

i()*2 

55 

2 

1 828 

115 

58 

0 

IHH 

‘>•8 

54 

0 

1829 

9-1 

53 

1 

1815 

10 ‘5 

56 

I 

1830 

10 1 

55 

2 

181 fi 

9 4 

53 

0 

1831 

11-7 

58 

0 

1817 

l()‘4 

55 

0 






From this table, it is clear that no eonehision can be drawn, to the effect that cometary 
appearaiiccH have any inflnenc<* in ruiMing the temperature. In 1828 and in 1831 no 
comets present(^d theniM(‘Iv<;s, and tlie temperature was nearly at its maximum. In 1808 
th(*rc were four, and it was nearly at its ininiiniiin. 

Tliere was no inconsidm’ahle aimmiitof superstitious fear blended upon this occasion with 
the, natural feelings of wonder and admiration that were excited. As the great comet of 
1680 had been deemed a manifest pn^sage of the revocation of the edict of Nantes, the 
^lerstKmtioii of the French jirotestants, and the long wars that ensued, so was the beautiful 


and tninsicnt visitor of 1811 abused in a similar manner. It was widely regarded as the \ 
herald of some awful terrestrial occurrence, and the particular event intended was not | 
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doubtful to many minds when Napoleon led his legions iirom the West to perish amid the 
snows of Russia, and Moscow was in domes ! 

Science has been more recently occupied with two cometary bodies, insignificant in 
their external aspect, but deeply interesting on account of the discovery that their orbital 
course is included within the bounds of our system, and their predicted returns fulfilled 
with unfailing punctuality. The first is known as the comet of Encke. It was observed 

in the year 1786, by Messier, traversing 
the constellation A(|uarius ; afterwards 
seen by Miss Hcrschel, in 1795, in Cyg- 
nus; and by M. Pons, in 1805, in Ursa 
Major ; but no idea was entertained that 
these were appearances of the same btxly, 
till Encke, in 1819, established their 
identity, in consequence of which the ; 
comet has received his name. It passes 
at its p(‘rih(dion within the orbit of Mer- 
cury, and has its aphelion midway be- 
tween the paths of the telescojiic planets 
and flnpitcT, its greatest distance from 
the sun being twelve times its least dis- 
tance, and its periml of revolution 1203 
days or 3 years. This object has now 
frequently answered to the armounce- 
ments made respecting its course, incontestably establishing its character as a regular 
member of our system, moving in obedience to its laws. The comet appears ns a small 
globular patch of vapour, without any starlike nucleus or tail, searcidy perceptibh;, and 
its dimness seems to be increasing. But this insignificant and sliadowy thing exhibits a 
deeply interesting and 'important phenomenon, that of the gradual diminution of its 
periodic time, owing to a decrease in the size of its orbit, the sujiposed effect of a resisting 
medium in space, which is urging it nearer the sun, and may ultimately terminate its 
career as a separate body. The same conclusion is entertained with reference to the 
planets, founded upon this peculiarity of the comet of Encke. If the spaces in which they 
move is occupied by a resisting medium, that, it is conceived, will, in the long run of ages, 

1 diminish their actual velocity, decrease the centrifugal force, give more power to the solar 
attraction, draw them towards the centre, and thus end the system. Such a speculation 
is, to say the least, premature. We may admit the existence of an etherial medium 
which shall perceptibly affect the movements of a small vapoury globule, yet ofler no 
appreciable opposition to the solid and weighty planetary masses. The propter course is 
to wait until such a medium is jilaccd beyond all doubt, for it cannot be said yet to be de- 
monstrated ; and until we have some evidence of its action in the case of the planets, 
before we reason upon it as a fact. Besides the comet of Encke there is another whose 
periodicity has been ascertained, a discovery due to M. Biela, in 1826. This object is also 
without tail or nucleus, and scarcely visible to the naked eye. Its aphelion place is a little 
beyond the orbit of Jupiter, its perihelion within that of Venus, its time of revolution 2461 
days, or 6j years. This was the comet which excited a large amount of apprehension for 
the safety of our terrestrial mansion, prior to its return in 1832. It was calculated that a 
little before midnight, on the 29th of Octolier, it would cross the plane in which the earth 
revolves, near the point where our globe itself would be on the morning of the 30th of 
November following ; and, undoubtedly, had the comet been delayed a month by any 
disturbance, a collision with its nebulosity would have taken place. The alarm was 
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priocipalljr confined to the Parisians, who seem to be somewhat addicted to such fears. In 
the year 1773, in consequence of some rumour getting afloat concerning an expected comet, 
the public tranquillity was completely disturbed, and Lolande was requested by the civil 
authorities to interfere to assuage the popular terrors. To prevent their renewal in 1^32 
the authority of the Academy of Sciences was invoked in relation to the anticipated 
visitor, and Arago wrote a celebrated treatise to show the groundlessness of all alarm. 
Accordingly, the earth’s progress in its orbit being at the mean rate of two millions of 
miles daily, and a month intervening between the passage of the comet across it and the 

arrival of the earth at the same point, the 
^ two bodies were never nearer than sixty 

millions of miles. The accompanying dia- 
gram represents its course as compared with 
that of the earth. On the ellipse are marked 
its places for the beginning of each year, 
from 1833 to 1840. Faye’s comet, disco- 
vered in 1843, has a period of nearly 7^ 
years; that of De Vico, 1844, 5^ years; 
Brorsen’s, 1846, rather more than 5 years ; 
and another, detected by M. Peters, 1846, 
very nearly 16 years. 

In the spring of 1843 the world was sud- 
denly startled by the apparition of an object 
in the western heavens, soon after sunset, 
like a streak of aurora, streaming from the 
region of the sun below the constellation 
Orion. Its outline was so distinct, and its 
light so conspicuous, as immediately to 
arrest the attention of persons abroad 
upon the roads, and in vessels at sea. By 
tnauy observers it was mistaken at first 
for the zodiacal light ; but its aspect and 
movements proved it to be a comet of the 
very largest class. The nucleus was not 
seen here, but it was visible in more southern latitudes, where the whole appearance of 
the comet was far more definite than with us. The phenomenon was observed on board 
the Tay on her homeward voyage fnmi the West Indies, upon the 6th of March ; at 
Nice on the 12tli, by our countryman, Mr. Cooper; at Oporto on the 14th; and at 
Paris on the 17th. On Sunday evening, soon after seven o’clock, Mr. Cooper had his 
attention called by his servant to a white line df light near the western horizon. It 
was like a narrow thin cloud (cirrti-stratus), one end being apparently merged in the 
remaining solar light, and the other in or near the constellation Lepus. On the 13th, 
at the same hour, the light re-apiieared in a direction parallel to the line joining rj 
Leporis with y Eridani. On the 14th, having prepared his comet-seeker, he found 
the nucleus by sweeping down the line of light, which appeared stellar about the 
sixth magnitude. The proportion of tlie tail actually visible here on the nights of 
tlie 17th and 18th was fully 30® in length according to Sir John Herschel, and after- 
ward 45® were measurable by Sir James South. Instead of being luminous at the 
edges And more obscure in the middle, a general characteristic of cometary tails 
which has induced the belief that they are cones internally empty, the light of the 
tail, in the present instance, was visibly more intense in the centre than on the sides. 
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This was one of the largest comets ever observed, and would have appeared an extra* 
ordinaxy object if circumstances had been favourable to its exhibition to us. Its | 
train must have extended through celestial space to the enormous length of a hundred 
and sixty millions of miles. It was travelling with prodigious velocity away from the 
sun, having doubled the solar orb upon first becoming visible, and soon vanished 
from terrestrial gaze in the immensities of the universe. In South Africa its appear- 
ance was very distinct. Mr. Maclear, from the neighbourhood of the Capo of Good 
Hope, states : — “Of the casual observatory phenomena, the grand comet of March 
takes precedence ; and few of its kind have been so splendid and imposing. I remember 
that of 1811 : it was not half so brilliant as the late one. Immersed in the ravines 
of the Cedar-berg, with high and precipitous ranges on each side of me, I made stre- 
nuous efforts to reach the Snew-berg station, to command a view of the sudden visitor. 
Those unacquainted with tlie character of the Cedar-berg cannot form a conception of the 
difficulties I had to encounter. For seventeen days we toiled on, tantalised every evening 
by seeing a portion of the tail over the mountain tops, and sometimes a sight of its bright 
head, os openings in the mountains permitted.** 

This comet, as observed at Washington, is thus described by Lieutenant Maury, in a 
communication from the Hydrographical Office in that city: — “On Monday morning, 
March 6, our attention was called to a paragnaph in the newspapers, stating that a comet 
was visible near the sun at mid-day with the naked eye. 1'he sky was clear; but, not 
being able to discover any thing with the unassisted eye, recourst? wius had to a telescope, 
without any In^tter success. About sunset in the evening the examination was renewed 
with great diligence, but to no purpose. The lust faint streak of day gilded the west, 
beautiful and delicate fleeces of cloud curtained the bed of the sun, the upper sky was 
studded with stars, and all hopes of seeing the comet that evening had vanished. Soon 
after we had retired, the officer of the watch announced the appearance of the comet in 
the west. The phenomenon was sublime and beautiful. The netjdle was greatly agitated ; 
and a strongly marked pencil of light was streaming up from the path of the sun in an 
oblique direction to the southward and eastward ; its edges were parallel. It was 1® Sf/ 
broad, and 30® long. Stars could be seen twinkling through it, and no doubt was at first 
entertained but that this was the tail of the comet. The officer of the watch was directed 
to search the eastern sky with the tele8C<»pe in the morning, from early dawn and before, 
till sunrise. Nothing strange or uncommon was noted by him, Tuesday was a beautiful 
day. The sun was clear, gilding, as it sunk below the hills, a narrow streak of cloud, 
seen through the tree-tops beyond the Potomac. The tail hod appeared of great length 
for the first time the evening before ; therefore we expected to find its length this evening 
greatly increased. It was a moment of intense interest when the first stars began to 
appear. The last rays of the sun still lingered on the horizon, and at this moment a well 
defined pencil of hairy light was seen pointing towards the sun. At 5 h. 41 m. sidereal 
time, the first measurement of length of the tail was taken ; it measured 41® to the horizon* 
At 6 h. 19 m. it had become most distinct. It was then 1® 45' broad, and 55® long, not 
including the part below the horizon, which, supjKising its terminus to be near the sun, 
could not, owing to the oblique angle which it made with the horizon, be less than 10® or 
15® more. It now commenced gradually to fhde away, and in a short time had entirely 
disappeared. The morning observations were diligently renewed, but nothing could be 
seen worthy of note.** A letter dated March 22d from Constantinople records the advent 
of the victor in that region, and the various speculations of its mongrel population 
concerning it:-^“ The attention of the public has been called from terrestrial to celestial 
matters within the last vreek, by the ap[>earance of a luminous body in the southern 
hemisphere, by some declared to be a comet of extraordinary magnitude, by others a 
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meteoric or nebulous coruscation. It becomes visible altout seven o’clock, p. ii., and 
remains in sight for about two hours. Its position is nearly S.S.W., and its magnitude, 
measured by the sextant, is 1® in breadth and 21® in length, with a dip of 45®. The 
appearance of this phenomenon has excited general interest among the natives. The 
moun^imbathy (chief astrologer ) declares that it prognosticates great disasters to people 
residing southwards ; it forebodes, in the first place, divers calamities to Greece ; and, 
secondly, a termination of French Razias in Algiers. On the other hand, the Greek 
priests, with no other instruments than their spectacles, announce that they read in its 
luminous tail the restoration of the profligate Greek empire, and the downfal of modern 
rule in Europe. Then, again, the Persian muchats at the Valide Khan all stroke their 
beards, and swear by the twelve Imans that the meteor represents the flaming death-bladed 
sword of Ali uplifted to wreak vengeance upon the heretic followers of Omer, for the 
outrages recently committed upon the sainted tombs of Kerbebah. In the meanwhile, as 
there are neither astronomers nor instruments at this place, nothing is left for us but to 
await accounts from Europe, in order to determine the real nature of this extraordinary 
and splendid phenomenon.” 

A European, travelling in the wilds of America, the only representative of the civilised 
world prt^sent upon the occasion, has graphically narrated his own impressions, and those 
of his Indian companions : — “ We were ascending the Essequibo, that noble river which, 
though a small rill among the mountains of the equator, disembogues its accumulated 
waters through three channels nearly twenty miles wide. The weather was unfavourable j 
torrents of rain had descended, and the sky had been covered with clouds for weeks. 
We were approaching the cataract Ouropoeari in 4® 11' north latitude, and had encamped, 
on the 8th of March, three miles below it, when, for the first time since our departure 
from the coast, the sky, hitherto a uniform mass of greyish clouds, cleared in the evening, 
and exposed, towards the south -west, the deep tropical blue, spangled with stars. We 
hailed with pleasure the prediction of better weather ; but what was our amazement when 
we observed, in the W.S. W., a broad, white, nebulous band, inclining towards the horizon, 
and stretching to an altitude of 45® ! The zenith was covered with those beautiful clouds 
which the meteorologist calls cirro-cumulus ; the sky was, however, perfectly clear on 
both sides of the band which, 64^ (in arc) broad, and of a pure white, almost transparent, 
formed a strong contrast with the deep azure of the tropical sky. I could not observe 
whether the band rested apparently on the horizon, as the wall-like forest, near the edge 
of which we were encarajHHl, prevented me from seeing that portion of the sky. From 
the point where the band became visible it appeared of a uniform breadth, becoming 
more transparent, and slightly diverging, near the summit. What can it be ? was the 
first question. My Indian friends stood around, looking now with wonder at the 
phenomenon, now askance at me. Our doubts were solved next evening, March 9. ; it 
was a comet I Our camp was so favourably situated that the south-western horizon was 
exposed to our view. The sky was partially clouded until seven o’clock, when the clouds 
to the west cleared away, and there stood the comet in all its grandeur, the nucleus being 
about 12® above the horizon, and the tail extending to the star v Eridani, then about 45® 
high. The nucleus appeared, to the nuked eye, like a star of the second magnitude ; its 
tail, near the base like a narrow band, spread in its broadest part 1® 10', and lost itself 
in the constellation Eridanus. The whitish light and transparent vapour of its tail, 
resembling more those clouds compared to 

“ The beauteous scmblauce of a flock at rest,** 

diverged about 20® below the foot of Orion, in nebulous stripes. We stood amazed. A 
bright moon somewhat lessened the effect which this most wonderful of all natural 
phenomena would have produced had all else been hidden in darkness ; but the extent of 
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the tail rendered it remarkable ; indeed, it was the largest which we, who stood assembled, 
had ever witnessed in our lifetime. I still recollect the beautiful comet of 1811, with its 
diverging beams of fiery hue, but its tail was much less in length than the one now looked 
upon. It was a scene whieli has fixed itself firmly upon my memory. There we stood, 
upon a small island in the middle of tlie Essequibo, surrounded by foaming waters which, 
opposed in their course by dykes of granite, went thundering away over the black stony 
masses, — I the only European among a number of nuked savages, th*j coppery tint of whoso 
bodies shone in strong contrast when the burning embers of the camp fires threw a ray 
upon their figures ; some standing ujiright, with their arms across their breast, others 
squatting on the ground, but tlieir fearful eyes all directed towards the strange star with 
its luminous train. No word was spoken. The rush of the foaming waters was the only 
interruption of tlic silence. Tamanua, a young Wapisiana, of more intelligence than is 
generally met with among his tribe, at last broke silence : “ This is the Spirit of the 
stars, the dreadful Capishi — famine and pestilence await us and, us if they had only 
wanted the utterance of a syllable, to give vent to their ferdings, the asstnnbled Indians 
burst into a torrent of declamation, lamenting the appearance of the dreaded Capishi, as 
the precursor of pestilence and famine, and raising, with violent gesticulations, their arms 
towards the comet. I was surj)rised to find among my Indian followers the same 
superstitious dread of a comet which, in all ages, rendered their celestial appearance the 



terror of the uninstructed and vulgar. The Indians around me consisted of Ar^cuna ; 
Wapisianas, and Macusis. The first called the cornet Wataima, signifying, like Capishi, 
the Spirit of the stars. The Maciusi Indians named it Ca-poeseima, “ a fiery cloud,** or 
WoD-inopsa, a sun casting its light Ix^hind.** Must wc not ar'.knowledge that these 
simple children of Nature have given to this magnificent phenomenon a more expressive 
name than we civilised nations ? 

The leading features of the chief cometary appearances of modem times have now been 
sketched. There are various inquiries which naturally suggest themselves with reference 
to these bodies. What is their physical constitution ? What their origin and office in 
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the 87816111 ? Are they inherently luminous, or dependent upon the solar glory, shining 
like the planets by virtue of his light ? Have they any terrestrial influence ? Is there a 
chance of our globe coming into actual collision with them ; and supposing collision, what 
would be its probable effects ? Upon most of these points we have no certain knowledge. 
Herschel and Scliroeter thought the comet of 181 1 a self-luminous body, but in opposition 
to this opinion Cassini is quoted as having descried the comet of 1744 showing a phase. 
On the very day, says Arago, that any comet shall appear with a distinct phase, all doubts 
will have ceased. At present however no satisfactory evidence is possessed of such 
an appearance l>eing observed. Upon the question of physical constitution, it is pretty 
certain that the great majority of these bodies, and most probably all of them, are 
entirely gascious — simple aggregations of vai)our. The evidence to tliis effect is various. 
The comet of 1770 passi^d twice through the system of Jupiter; and calculation shows, 
that had it been 75 *^ of one of the satellites in mass, it would have sensibly affected that 
system. Yet there was not the slightest derangement of the planes of motion, or of the 
periods of revolution, by its intrusion among the satellites. The same body also passed 
at that time at no very great distance from the earth. In fact it approached us nearer 
than any other tliat has visited our terrestrial sky. Had it possessed a quantity of solid 
matter equal to that of the eartli, it w(mld then have shortened the length of our year by 
one nintli of a day ; or had it been of tlu* earth in mass, it would have appreciably 
altered its length to a degree that must hmg ago have been observed. But not the least 
perturbation was caused by its close proximity. These are sufficient prqofs of the 
smallness of its mass, even allowing it to have had any solid matter at all, which may be 
reasonably suspected. Through the very centre of Biela’s comet in 1832 a group of stars 
of the sixteenth magnitude was very distinctly seen by Sir John Herschel. While 
admitting that many comets are mere agglomerations of vapour, some hold to tlie opinion 
that where there is a nucleus remarkable for its vivacity of light, there is a solid and 
opaque body. But several facts declare against this supposition. Instances have 
occurriMl of stars being visible through a strongly defined nucleus. In 1618, the nucleus 
of the comet of that year is described os having dissolved into several detached parts ; 
that of 1661 observed by Hcvelius, changed also from a globular figure, and entirely 
disappeared ; and an ap])earance of a similar description was presented by the comet of 
Halley, when visible in the year 1607. It is most probable that a comet is altogether a 
gaseous body, and has no solid matter whatever. Sir John Herschel remarks, that 
“ whenever powerful telescopies have been turned on them, they have not failed to dispel 
the illusion which attributes solidity to that more condensed port of the head, which 
appears to the naked eye as a nucleus ; though it is true that in some a very minute 
stellar point has been seen, indicating the existence of a solid body.** Mr. Airy also 
states, that “ on the physical constitution of comets we have learnt nothing, except that 
they appear to be wholly gaseous.” 

These views of the constitution of cometary bodies show the fallacy of apprehending 
those consequences from a sluK*k with them, of which terrific pictures have been drawn, 
and the impossibility of those events being produced by collision, which have been assigned 
to it, such as the deluge of Noah, the depression of the Caspian Sea and its neighbourhood, 
with the formation of the four telescopic pdanets out of a comet-stricken orb. It is easy 
to represent,*’ says Laplace, ** the efli'ect of such a shock up>on the earth ; the axis and 
motion of rotation changed ; the waters abandoning their ancient piosition to precipitate 
themselves towards the new equator ; the greater part of men and animals drowned in a 
universal deluge, or destroyed by the violence of the shock given to the terrestrial globe ; 
whole spiecies annihilated ; all the monuments of human industry reversed ; such are the 
disasters which a shock of a comet would produce. We see then,” he observes, referring 
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to this cause some singular facts in geology, explwned, “why the ocean has abandoned the 
highest mountains, on which it 1ms left incontestable marks of its former abode. AVe see 
why the animals and plants of the south may have existed in the climates of the north, 
where their relics and impressions are still to be found. Lastly, it explains the short periovl 
of the existence of the moral world, whose earliest monuments do not go much further buck 
than tliree thousand years. The human race, reduced to a small number of individuals, 
in the most deplorable state, occupied only with the immediate care for their subvsistenee, 
must necessarily have lost the remembrance of all sciences and of every art; and when 
the progress of civilisation has again created new wants, everything W’as to be done again, 
us if mankind had been just placed upon the earth.” When this was the language of a 
philosopher of such high rejmte, the cockneys and belles of Paris might well tremble at 
the announcement of a comet. “ Popular terrors,” said a i)rofessor there upon a recent 
occasion, “ are productive of serious conse(pU‘m*es. Several members of the Academy 
may still remember the accidents and disorders which followed a similar threat, impru- 
dently communicated to the Academy by M. Delande in May 17711. Persons of w eak 
minds died of fright, and woimm inisearri<*d. There were not wanting people, W'ho knew 
too well the art of turning to their advantage the alarm inspireil by the apprehended 
comet, and places in I’uradise were sold at very high prices. I'lie annoumurment of the 
comet of 1832 may produce similar ell’eets, unless the authority of tin* Aea<lemy ap|)ly a 
prompt remedy : ami this salutary intervi'iition is at this moment implored by many | 
benevolent persons.” The possibility i»f collision with one of these vagrant cruisers in j 
space may indeed be s(»berly entertained, as they move in all imaginabh^ directions, i 
|»enetnite within the interior of the planetary orbits, and often pass betw'een Mercury and ; 
the sun. But a calculation of probabilities slums, that <.>f 2Sl,(HK),(KK) of chances, there 
are 280,999,999 that are favourable ti> one unfavourable. The probability, therefon*, of I 
such an event happening in tlu^ experience of any individual ol‘ the human race is no 1 
greaUT than it w'ould be with reference to his drawing one black ball, supposing it in an i 
urn with 280,999,999 white balls. As to the near nppnaich of a ccmiet j)roducing any ! 
great terrestrial cliangc, such as deflecting our globe, from its (►rbit by attraction, and j 
scaimpcring off W’ith it us a satc-llite, we have plain warrant to treat the; assumption as 
romance. The case of Lexel’s lost comet poking about the systiun of «]upiter without 
disturbing it, but being itself twisted into a new |>uth, may lead us to allow of some 
approach to fellowship wdth perfect safety. That comet advanced to within six times the 
distance of the mcK>n from us, yet it neither raised our tides a jot, nor uddenl a single 
second to our year, though the diumeU!r of its head was estimated to be thirteen times 
that of our satellite. 

AVe, indeed, were not quite so passive; upon that occasion, for the action of the earth 
upon the comet increased the time of its revolution by two days. Kven should an instance 
of actual contact occur, tlu‘re s(*ems no more reason to infer physical convulsion from tin*, 
attack of a gaseous lK)dy, than in th<; case of a sejuadron of clomls assailing the sides and 
summit of a mountain. In all probability tin* oidy elfeet would 1 m* a change of l(;m})<;rature, 
with some peculiar atmospheric ph(*noiin*na, yet compatible w ith u full H<;curity to human 
life and happiness. That the orbital course and rotation of our plam^t would lx; aflected ; 
that the pole and the equator would exchange places ; that the ocean would leave its 
present bed, and the dry land be submerged ; that any conseipience would follow l>cyond 
a temporary alteration of climate, we have not only no authority to supfMme, but strong 
grounds to deny. The surmise has lM.*en entertained that, in the year 1837, our globe 
expcrienc(xl some cometary entanglement ; and nothing more likely than that repeatedly, 
since the Creation, the terrestrial surface has received a brush. No trifling service has Ixjen 
rendered to mankind by science, that now these bodies are divested of those attributes of 

K 
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terror with which they were identified in ages past, when regarded as the heralds of 
political misfortune, or j)ortending fatal physical events. When tidings came across the 
seas, brought by merchant and monk, that William the Norman was prej)aring to contest 
the poHJMJSsion of his t«*rritories with Harold, a comet, flaring in the heavens, raised 
misgivings in the Saxon mind as to the issue of the event, and unnerved him for the 
struggle when all his vigour was most rerjuired. An after chronicle relates how a star 
with three long tails apiwrared in the sky, Iiow' the learned declared that such stars 
ap[Kjarcrd only when a kingd<im wante<l a new king, and how the said star was called a 
“ comette.’' S(j, in 1618, a similar object was believed, in France, to foreshow another 
Bartholomew massacre ; in Holland, to predict the death of Barneveldt ; at Vienna its 
fiery asjiect was viewed as symbolic of destruction to the Bohemian heretics; while, in 
England, it was connected with coming wars, and the death of James's queen. It is no 
alight mlvantagc to the moderns, that they can ga7.e uj>on such objects without antici- 
pating disaster, and regard them as controlled by those laws to which their own world 
if obedient 


CHAPTER VI. 

AEROLITES. 

tOM every region of the globe, and in all ages of time within 
the range of history, exhibitions of apparent instability in the 
heavens have been observed, when the curtains of the evening 
have Iwen drawn. Suddenly, a line of light arrests the eye, 
darting like an arrow through a varying extent of space, and 
in a moment the firmament is ns sombre m before. The 
appearance is exactly that of a star falling from its sphere, 
and hem*e the popular title of shooting star applied to it. The 
apparent magnitudes of these meteorites are widely different, 
and also tlieir brilliancy. Occasionally, they are far more 
resplendent tlian the brightest of the planets, and throw a very 
|>rrccptible illninination upon the path of the observer. A 
second or two commonly suffices for the individual display, but in some instances it has 
lasted several minutes. In (‘very climate it is witnessed, and at all times of the year, 
but most fn*qucntly in the autumnal months. As far back as rt'cortls go, wc meet with 
allusions to thcsi* swift and <*van<‘scent luminous travellers. Minerva’s hasty flight from 
the |H*aks of Olympus to break the truce lietween the Greeks and Trojan.s is compared 
by Homer to the cmisj^ion of a brilliant star. Virgil, in the first Innik of the Georgica, 
mentions the shooting stars «s prognosticating weather changes: — 

** And oft, Iwfort* windn nriwo, 

Thi* SiiMninfi stani fall hviidlung from the ^kies, 

.And, «lmuting through the darkness, gild the night 
With »w«'epiiig glories and long trains of light,*’ 

Various hypotheses have Ih'cii frannnl to explain the nature and origin of these remark- j 
able np|>i*anincH*8. When electricity Wgaii to be undcrstiKnl, this was thought to aflTord • 
a satisfactory explanation, and the sh<H»ling stars W’ert* regarded by Beecaria and Vassali 
as merely elt»etrieal sfiarks. When the inflammable nntun? of the gase*s liecamc known, 
Lavoisier and Volta supposed an accumulation of hydmgcn in the higher rc^ons of j 
the atmosphere, l>ocause of its inferior density, giving rise by ignition to the meteoric j 
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exhibitions. While these theories of the older phiU^sophers have been shown to be 
untenable, there is still great obscurity nesting upon the question, tlioughwe have reason 
to refer the phenomena to a cause exterior to the l)ounds of our atmosphen*. Upon 
this ground, the subject assumes a strictly astronomical asi)ect, and claims a place in a 
treatise on the economy of the solar system. 

The first attempt accurately to investigate these elegiuit meteors was made by two 
university students, afterw^ards Professors Brandes of Ix'ipsic, and Benzenlwrg of Dussel- j 
dorf, in the year 1798. Tliey selecUKl a base line of 4(i,2(X) feet, somewhat less than nine 
English miles, and placed themselves at its extremities on a|>pointed nights, for the pur- 
pose of ascertaining their average altitude and velocity. Out of twenty-two nppe4U*ances 
identified as the same, they found 

7 undw 45 mile* > above 90 miles 

9 between 45 and 90 miles I above 140 — 

The greatest observed velocity gave twenty-five miles in a swond. A more extensive 
plan was organised by Brandes in the year 1823, and carried into cfifect in the neighbour* 
hood of Breslaw. Out of ninety-eight appearanceis the computed heighu were, 

4 under 15 mllet 15 from 70 to 90 mllta 

15 from 15 to so miles 6 above 90 miles 

29 SO to 45 — 5 from 1 40 to 460 miles. 

SS 45 to 70 — 

The velocities were between eighteen and thirty-six miles in a second, an avenge velo- 
city far greater than that of the earth in its orbit. 

The rush of luminous bodies through the sky of a more extraordinary kind, though a 
rare occurrence, has re|K‘atedly bitcii observed. They are usually discriminated from | 
shooting stars, and known by th(3 vulgar us fire-balls ; hut probably both preweed from the 
same cause, and are identical pheiioiiienu. They have sometimes beim Wicn of large 
volume, giving an intense light, a hissing iioiwi accompanying their progress, and a loud 
explosion attending their tenninution. Jn the year lG7(i, a meteor passed over Italy 
about two hours after sunst*!, upon which Montanan wrote a treatise. It came over the 
Adriatic Sea as if from Dalmatia. cross<*d the country in the direction of Rimini and 
Leghorn, a loud rejKirt being heard at the latter place, and disapj>eanHl upon the sea to- 
ward Corsica. A similar visitor w as witnes«Ml all over Kurland in 1718, and forms the sub- 
ject of oneof Halley’s pajK^rs Uithe U<»yal Society. Sir Hans Shmne was one of its s|K5Ctators. 
Being abroad at the time of its appearance, at a quarter past eight at night, in the streets 
of London, his path was suddenly and intenw-ly iHuiniiiiited. This, he apprehended at 
first, might arise from a discharge of rfH^kets ; lujt found a fiery obje<!t in the heavens, 
moving after the manner of a falling star, in a direct line from the Pleiades to below the 
girdle of Orion. Its brightness was so vivid, that several times he was obliged to turn 
away liis eyes from it. The stars disajipeared, and the ininm, then nine days old, and 
high near the meridian, the sky being very clear, w‘as so efluced by the lustre of the | 
meteor as to be scarcely seen. It W'as conqiuted to have passed ovit three hundred geo- 
graphical milcis in a minute, at the distance of sixty miles alH>ve the surface, and was 
observed at dififerent extremities of the kingdom. Tlic sound ot an explosion was heard 
through Devon and Cornwall, and along the opposite coast of Bretagne. Halley con- 
jectured this and similar displays to proceed from combustible va|Kjurs aggregated on the 
outskirts of the atmosphere, and sudilenly set on fire by some unknown cause. But since 
his time, the fact has l>een estalilishe<l, of the actual fall of hwivy liodies to the earth from 
surrounding space, which requires another hypothesis. To these IxMlies the term aerolites 
is applied, signifying atmospheric stones, from the atmosphere, and XiOoc, a stone 
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Whik mnny meteoric appearances may simply arise from electricity, or from the inflam* 
nwble gases, it is now certain, from the proved descent of a^lites, that such bodies are 
of extra-terrestrial origin. 

Antiquity refers us to several objects as having descended from the skies, the gifU of 
the immortal gods. Such was the Palladium of Troy, the image of the goddess of 
Bphesoi, and the saered shield of Numa* The folly of the ancients in believing such 
narrations has often been the subject of remark ; but, however fabuloos the particular 
eases referred to, the moderns have been compelled to renounce their scepticism respecting 
the fliet itself, of the actual transition of substances from celestial space to teirestrial 
regions ; and no doubt the ancient faith upon this subject was founded on observed events. 
The following table, taken from the work of M. Izam, Des Pierres tombees du Cielj ex- 
hibits a collection of instances of the full of aerolites, together with the eras of their 
descent, and the persons on whose evidence the facts rest ; but the list might be largely 
exifuidcMl. 


riM». 


I Sh»wi*r of itfiiiit 
{ Shourr uf 

! ShnwiT of iron 
hitowtrr of innrrurjr 
; l.argr •tniiti 

: 'rhr«M« Urtfi* ktoiim 
. NItowpr of Are 
Stofio of Vi llti. 

; AiMHit iimoktonim— fHtfoflSOlbi. 

: Anothrr of 

i Another uf 

Sliriwitr of land (or 15 hour* 
Slinvor nf lulphur 
SdlfihiiriHu rMu 
i ’rh» ««RMi 
J Khnwur of aulphur 
{ Sliowpr «f unkiuMin m»ttor 
: Twit Uriro •loiipt, !IU Iba. 

i A ftioiy mat! 

I A ktoiMt «>f Iba. 

I A »iomt 
{ A fttonr 

I F.mioiiilvr alumpr nf itonrt 
Aliout twrUn ttimrit 
I A itcmr of Mi Um 

I A ktiMiP of almut 'M) llw. 

{ A atiNir of lUltM. 

' ^ihowrr of ktoiipa 
I Hhowitr of •looffi 
.Ma*« ul Iron. 7 n ciii»M- fiyH 
Mam of Iron. 14 quiolal* 

Sliowpr of atiMir* 
tf«ritr kioiir of 9iin IIm 
iVo aiiinp*. VUit aiul ;V)0 lt>*. 

A atonr of yoilM. 

9 i«>vrr«l atotM‘* Iknii Id lo )* IN 


At Homp 
I At Kuiiio 

ill Liirania 
III Italy 

Nrur tfio rln*r NVgo«, Thrace 

In Three© 

At Queniny 

Near LarUaa, Maredonta 


' Under Tiilliia Hoatiliua 
I Coiiaula C. Martius and M. Tor> 
I rjuatuk 

! Yf'urhvfurc the defeat of Craeaui 

I Second year of the 7 Hth Olym- 
f plad 

I Year liefore J. C. 452 
I January 4 . 1717 
Janeary, 1706 


LIvr. 

J. Oheequens. 

Pliny. 

Dion. 

Pliny. 

Ch. of Count Marcellin. 
GeofTfoy le Cadet. 

Paul Lucat. 


Near Padua, In Italy 

On Mount Vaiier, I*Tovcoce 

in the Atlantic 

Nodmii anti (hmiorra 

In the Duchy uf Manafield 

(■ofiruhageti 

Hrittiawick 

Iri’Uud 

l.kfMtdaa. in Hrcaae 

Nitirt. Normuittiv 

At l.iirr, In |.e Maine 

At Airr, In Artolt 

In |.r (’oleiitlli 

F.nviruiik Ilf Ageit 

Sienna. Tiitcaiiv 

Wold t'ottage. Vorkuhlre 

Sale, D«')iartiiu'nl of the Rhone 

III Cortiig.'il 

llf'iiarei., Fa*! indieii 

At INann. near Talior. lloheinU 

Atoerica 

AtwKauk, Slltrria 
IfarlMiutan. near |{(Kioefort 
, Fntltlreiin. Tuper Khine 
Near \ ermia 

! Sol«*». near Villr Kranchr 
Near L'Algh’. N'oriiiaiidy 


In 1510 

November 27. 1627 
April 6 . 1710 . 

In 165H 
111 1(^6 
Ortotter, 1721 
In lfn<.'i 

.Srjrlemlier. 1753 
In 17*>0 

.Hr-pteiniter 13 . ITW 
111 l7(iH 


j III GOi 
Jill) 24 I 7 '.K) 
'July. I TIM 
I Deeeiiilier 1.1 17 W 
March 17 . 17 !t« 
February l!i 1 7 ! a; 

! Dr^vinfM'r 10. I7!W 
July 3 . I 7.'>3 
. .April 1H(io 
' Very ohi 
' July, ITHO 
I N'oveiiilier 7 . lCf 2 

j III 1702 
' .March 12 . I 7 iis 
.April 2i;. MfW 


Carden, Varclt. 
Gaaicndl. 

P^re la FuURm. 

Monet. 

H^genbiirgh. 

Olaua Wurmluf. 
KiegecNer. 
Munclieubroock. 
l.alande. i 

I. alande. 

llachelar. j 

CiirMniUe de Boyaval. 

I Moratid. | 

j .St. Amand. Baudin, Ac. i 
I Karl of Bristol. j 

Captain Topimm. ! 
I l.eilevre and De DrSe. i 
: Southey. j 

J. J.loit'i WinUmt, Esq. I 
li.de llorn. 

PhlliHkophical Mag. | 

, I'aHas. Chlarlni, Ac. j 
I Darm.Juii.. I/omel.Ac. | 
iiutensrhoen. 

' Arad, de Bound. I 

DeDr 4 it‘. j 

' Fourcroy. , 


I 

I of tilt* iiistaiK’f.s in flu* lahlr art* of suflirii'iit iiittTfst to tioftorve a notice. 

I A singular r<*iution n*.s|Hrling iht* stt»tit*of Kii.sisht iiii on tin* Kliinc, at which jdulosopliy 

I oner siniliMl inrnsluKiusly, roganliug it a.s one of the roinnneos of the middle ages, may 
now be adiiiitttHl t<» soIut ntt<*ntioii as a piece t»f autlieiitic hi.story. A homely narrative 
tif full was drawn up at the time by order of the emperor Maximilian, and de|x>sited 
with the sttmc in tht* eliiin h. If may thus In* rt'iidertMl : — “ In the year of the Lord 1492, 
on Wednesday, which was Martinmas t ve, the 7th of NovemlKT, a singular miracle oc- 
ouriH'd ; ftir, betwet»n eleven tfehn'k iiiid noon, there was a loud clap of thunder, and a 
prtdongetl eonfiis<nI nuiiM*, which wu.*» heard at a great distance ; and a sttme fell from tiie 
air, ill the jurisdiction of Knsisheim, which weigliiHl two hundnxl and sixty pounds, and 
Uie confustHl noise was, besitles, iinieii louder than here. Then a child saw it strike on 
a fleld in the upper jurisdiction, towards tlic Khine and Inn, neiur the district of Giscano, 
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which was sown with wheat, and it did it no harm, except that it made a hole there : and 
then they conveyed it from that spot ; and many pieces were broken from it ; which the 
landvogt forbade. They, therefore, caused it to be placed in the church, with the inten- 
tion of suspending it as a miracle : and there came here many people to see tliis stone. 
So there were remarkable conversations about this stone : but tl^ learned said that they 
knew not what it was ; for it was beyond the ordinary course of nature tliat such a large 
Sterne should smite the earUi from the height of the air ; but that it was really a miracle 
of God ; for, before that time, never anything was heard like it, nor seen, nor described. 
When they found that stone, it had entered into the earth to the depth of a man's stature, 
which everybody explained to l>e the will of God tlmt it should be found ; and the noise 
of it was heard at Lucerne, at Vitting, and in many other places, so loud that it was 
believed that houses had been overturne<l : and as the King Muxiiniliati was here the 
Monday after Su Catharine's day of the same year, his n»yal Excellency oniored the stone 
which had fallen to be brought to the C-astle, and, nftt*r having conversed a long time about 
it with the noblemen, he said that the pcHiple of Knsisheim should take it, and order it to 
be hung up in the cliurch, and not to allow aiiyhcKly to take anytliing from it. His 
Excellency, however, took two pieces of it ; of wliich he kej»t om% and sent the other to 
the Duke Sigismund of Austria : and theyH|>oke a gn‘atdeal alHUit this stone, which they 
suspended in the choir, where if still is; and a great many [»eople came to s<*e if.*’ (*on- 

tenitKirary writers confirm tlic substance of this narration, ami tlic evidence of the fact 
exists ; the aerolite is precisely identi<‘id in its eluMiiicul eomposition with that of other 
meteoric stones. It nmiaimsl for three centuries suspendetl in tlii^ ehimdi, wnscarricMl off 
to Colmar during tlie Freiicli rev(»lution ; hut has since Im'cu reston'd to its fonner site, 
and Ensisheim rejoices in tlie |>oss<*ssion of the relic. A piec*' broken from it is in the 
museum (»f the Jardin des IHanUs at Paris. 

The eelehrated (iussendi was an cye-witm'ss <»f a similar event. In the year 1627, on 
the 27th of November, the sky iK'ing fpiite clear, lie saw a burning stom* fall in the 
neigh lH)urho(Hl of Nice, and examin«'<l the mass. While in tin* air it appeared to he about 
four fwt in diameter, was surrounded by a luminous eireir of ef^lours like a niiniMiw, and 
its fall was at!eompuiiied by a noin* like the discharge <»f artillery. r|M»n inH|><'eting the 
substance, he found it weighed oidhs., was extremely hard, (►f a dull metallic c(»lour, and 
of a s[K;cific gravity considerably greater than flini (»f eoniiiion iiiarhle. Having only this 
solitary instance of such an oeeurrence, (HisMnidi c'oiieluded that tlie masM came from 
some of the mountains of Provence, wlii<’fi hud been in a transient staUj of volcanic, 
activity. Instances <»f the same pheiioinetion oeeiirred in the years 1()72, 17% and J7hH; 
hut the facts were generally doubled by nutunilists, ami consiil< n*d as eh'ctrical appear- 
ances magnified by {Mipulur ignorance anct timidity. A remarkable example t<M»k plaee in 
France in the year 17JK). Betw»*en nine and ten o’ehs'k at niglit, the 24tli of .fuly, a 
luminous hall wa.s wen traversing the a!ino‘ip|iere with great rapiflity, and leaving ladiind 
it a train of light; a loud explosion was then heard, aecornpanied with sparks which tlew 
off in all directions ; tins w as followed by a shower of htones over a eorisiderahle exti'nt of 
ground, at various distance's from emdi other, and of diffenTil sizes. A prttci-n rrrMwiM 
drawm up, attesting the circum.staiice, slgne«l by the inagistrates of the municipality, and 
by several hundrcils of persons inhabiting the district. I bis curious dcK'iiment is literally 
as follows: — “ In the year one thousami Mven hundred and ninety, and the thirtieth day 
of the month of August, w’e, the Ideiit. Jean Duhy, mayor, ami I./oiiiH Massillon, prm'u- 
rator of the commune of the municipality <»f La (Irange-de-Juillac, and .lean l)anniU% 
resident in the parish of La Grange-de-.Iuillac, certify in tnith and V€*rity, that on 
Saturday, the 24th of July last, f>etween nine and t«‘n o’cl/s-k, there passed a gTe 4 it fire, 
and after it we heard in the air a very loud and extraordinary noise ; and aliout two J 
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mbititai tfteTi there fell stones heaveir; but fortunately there fell only a very fe<ir» 
and they fell about ten paces from one another in some places, and in others nearer, and 
finally, in some other places farther ; and falling, most of them, of the weight of about 
half a quarter of a imuiid each, some others of about half a pound, like that found in our 
parish of La Grange ; and on the borders of the parish of Creon, they were found of a 
pound weight ; and in falling, they seemed not to be inflamed, but very hard and black 
without, and within of the cfdour of steel : and, thank Gk)d, they occasioned no harm to 
the people, nor to the trees, but only to some tiles which were broken on the houses ; and 
most of them fell gently, and others fell ({uickly with a hissing noise ; and some were 
found which had entered into the earth, but very few. In witness whereof, we have written 
and signed these [>res(*nt8. I>uby, mayor. Durmite.’* Though such a document as this, 
coming from the unlearned of the district where the phenomenon occurred, was not cal- 
culatiHl to win acceptance with the sarnm of the French capital ; yet it was corroborated 
by a host of intelligent witnesses at Bayonne, Thoulouse, and Bordeaux, and by trans- 
mittCMl s}M*cimens containing the substances usually found in atmospheric stones, and in 
nearly the same projiortions. A few years afterwards, an undoubted instance of the fall 
of an aerolite twcurred in <»ur own country, which largely excited jmblic curiosity. This 
was in the neighlMiurluxKl of Wold (\»ttage, the house of Captain Topham, in Yorkshire. 
Si*veral persons heard llie report of an explosion in the air, followed by a hissing sound; 
and aftiTwards felt a sh(»ck, as if a heavy Iwidy had fallen to the ground at a little distance 
from them. One of these, a phmghman, saw a huge stone falling tow'urds the earth, eight 
or nine yards from the place where he stcHwl. It threw up the mould on every side, and 
after penetrating through the wiil, lodged wune inehes dee|> in solid chalk rock. Upon 
la ing raiwd, the st<me w as found to weigh fifty-six pounds. It fell in the afternoon of a 
mild hut har.y <luy, during whi<h tlu*re was no thunder or lightning; and the noise of the ! 
explosion was heard through a euiisiderahle district. It deserves remark, that in most I 
recorded cases of the descent of projectiles, the weather has been st'ttled and the sky | 
clear; a fact wliieli plainly places them apart from the causes which operate to produce ! 
the tempirsi, and shows the p<»|)ulur term thunderholt to he an entire niisiumier. 

While this train of eireumstunees was preparing the philosojihic mind of Europe to 
aiUnit us u truth wluit hud hitherto heoii deemed a vulgar error, and acknowledge the ap- 
pearance of iimsM's td ignit(>d luattrr in the utiiiosphere oecusionally descending to the 
earth, an account of a phcnoniermii (»f this kind w us rt‘ccived from India, vouched by an 
authority calculated to M*eure it general re>p<‘et. It came from Mr. Williams, F.U.S., a 
resident in Ihuigal. It stated that on IkeemlHT lyth, 1798, at eight o’clock in the 
evening, a large luiniiioiis meteor w as seen at Benares and other part.s of the country. It 
was tttt(‘nd(Ml with a loud rumhliiig Hoist*, like an ill-disehurged plntcKm of musketry; and 
aUnit the same lime, the inhahitants of Krakhut, fourteen miles from Benares, saw the 
light, heanl an exph»siou, and inimediatoly after the noise of heavy IkhIios falling in the 
neigh iKUirluKal. 'i'he sky had |»reviou>ly lM*en s<*rene, and not the smallest vestige of a 
cloud iiacl app«‘ared for many days, Next morning, the mould in the fields was found to 
have biK»ti turinnl up in many spots ; and unu.sual stones of various sizes, but of the same 
substance, wert^ pickinl out fn»m the im»ist soil, generally from a depth of six inches. As 
the occurn'iioe took place in the night, after the ptH)ple had rt*tin*d to rest, the explosion 
ami the actual fall ol the stones w«*n* not observed; but the watchman of an English 
gentleman, near Krakhut, brought him a stone the next morning which had fallen through 
the t4>p of his hut, and burii^l itself in the earthen fliwr. This event in India was fol- 
lowtnl in the year 1803 by a eonvineing demonstration in France, which compelled the 
eminent men of the capital to lH*lit‘ve, though much against their will. On Tuesday, 
April 26ih, about one in the aBenunm, the weather being senme, there was observed, in 



a part of Kormandj, including Caen, Falaise, Alen^on, and a large number of villages, a 
fieiy globe of great brilliancy moving in the atmosphere with great rapidity. Some 
momenU after, tliere was heard at L'Aigle and in the environs to the extent of more than 
thirty leagues in every direction, a violent explosion, which lasted five or six minutes. At 
first there were three or four reports like those of a cannon, followe<l by a kind of dis- 
charge which resembled the firing of musketry ; alter which there was heard a rumbling 
like the beating of a drum. The air w as calm and the sky serene, except a few clouds, 
such as are frtxiuently observed. The noise proceeded from a small cloud which had a 
rectangular form, and appeared motionless all the time that the phenomenon lasted. The 
vapour of which it was composi^d was projected in all directions at the successive 
explosions. The cloud seemed about half a league to the north-east of the town of L’Aigle, 
and must have bt*cn at a great elevation in the atmosphere, for tlie inhabitants of two 
hamlets, a league distant from each other, saw it at the same time above th<*ir heads. 
In the whole canton over which it ht>vered a hissing noist^ like that of a stone discharged 
from a sling was heard : and u multitude of mineral masses w(M‘(‘ seen to fall to the 
ground. TIk* largest that fell weighed 17^ pounds ; and tlu* gross number amounted to 
nearly three thousand. By the din*etioii of the Aeudeniy of Seiences, all tlie eircum- 
staiiees of this event were minutely examined by a comniissititi of imiuiry with the 
celebrated M. Biot at its lica<i. 'I'licy wen* tbiind iti harmony with the preceding relation, 
and r(*p<irti*d to the French minister of the interior. I'pon analysing the stones tliey 
were found identieul with those of Benares. 

The following an; the principal facts with reference to the aiundites, np(»n which general 
dejKjndenee may U* plaee<l. liiiiuediatcly after their descent they are always intensedy hot. 
They are covered with a insert hhiek incrustation consisting chiefly of oxide of iron ; and 
what is most reniurkabhs their clinuical analysis dt‘velops tin* same snbstanees in muirly 
the same proportions, though one may ha\t; reatdieil the earth in India and another in 
England. Their specific gravities are about the same ; eonsi<leriiig l(KK) as the pro]>or- 
tionate numlK.'r for the specitic gravity of water, that of some of the* aerolites has been 
found to b<; — 
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The greater specific gravity of tin* Bohemian stone an»sc from its containing a 
greater proportion of iron. An analysis of one of the stones that fell at L’Aigle gives — 

SHica - NitLfl - 

Magnesia • Sulptiur 

Iron - Zinc 

Iron is found in all these ImmIu s, and in a considerable (piantity, with the rare metal 
nickel. It is a singular fact, that though a chemical examination of their composition 
has not dis<’Overed any substance with which we were not previously ac(juuinte<l, yet no 
other bodies have vet been fouml, native, to the earth, whieb contain tlie same ingredients 
e,<»mbined. Neither pnj<lucts of the, voIcuihm's, whether extinct «)r in action, nor the 
stratified or unstrutiiied rocks, have exhihifed a sample of that comhiriation of iiietallic 
and eartliy substances which the meteoric stones present. During the era that iM!iencc 
lias admiltf'd their path t<j the eartli as u pliysieal truth, scarcely amounting to lialf a 
century, few years have elapsed without a known instance of descent mvurring in some 
region of the globe. To Izarn’s list, previously given, upwards of seventy cases might be 
added, whicli have transpired during the last forty years. A rep<»rt relating to one of the 
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mc Mit recent, which fell in a valley near the Cape of Good Hope, with the affidavits of 
the witnesses, was commumcated to the Royal Society by Sir John Herschel in March 
1 840. Previously to the descent of the aerolite, the usual sound of explosion was heard, and 
some of the fragments falling upon grass caused it instantly to smoke, and were too hot to 
admit of being touched. When, however, we consider the wide range of the ocean, and the 
vast unoccupied regions of the globe, its mountains, deserts, and ibrests, we can hardly 
fail to admit tliat the observed cases of dcjicent must form but a small proportion of the 
actual number ; and obviously in countries upon which the human race are thickly planted 
many may CHcajH; notice tlirougb descending in the night, and will lie imbedded in the soil 
till some ac!cidt^ntal circumstance cxp<ises their existence. Some too are no doubt com- 
pleUdy fu}M‘d and dissijjated in the ntinospliere, wliih^ others move by us horizontally as 
brilliant lights, and pass into tin* depths of space. The volume of some of these passing 
hcKlies is very great. One which travelled within twenty-fivt: miles of the surface, and 
cast down a fragment, was supposed to w<‘igh upwards of half a million of tons. But for 
i its great vel(K*ity, tin* whole mass would have been preeipitated to the earth. Two 
aiirolites fell at BrauM.iii in Boln-fnia, .lulv 11, IHlT. 

In addition to aerolites, properly so railed, or bodies knowm to have come to us from 
outlying s[an*<*, large rnelallie masses exist in various parts of the world, lying in insulated 
situations, far retnote from the hImmIos (»f eivilisation, whose chemical composition is 
■ cl<»sely analog(»iis to that of the siihstnnees the deseent of which has been witnessed. 
Tbes<* cin-iimstanees leave no d<mbt as to their common origin. Pallas discovered an 
immense mass of niulleuMe iron, mixed with iiiekel, at a considerable elevation on a 
inonntain of slate in Siberia, a site plainly irreeoneileable with the supposition of art 
having been there with its forges, even had it possessed the eliaracter of the common 
iron. In one of the namis of the British Miisnim then* is a sp(‘eimen of a large mass 
which was found, and still remains, on the plain of Otiirnha, in the district of Buenos 
Ayres. The spe<‘imen alone weighs I KlOllis., and the weight of the whole muss, which 
lies half buried in the gnuiml, is eoniput(‘d to be thirteen tons. In the province of 
Bahia, in Brazil, another hhn’k has Imtii dis<*over»'d weighing upwards of six tons. 
Oinsidering thr situation of the>e ma'^srs, with the details of th(*ir ehemicnl analysis, 
the ]in*sumptiori is »*li*arly warranted that tln*y owe their (»rigin t(> the same causes that 
have formed and proji'ctcd the U(*n»lites to tin* siirlaee. With reference to the Sihc‘rinn 
iron a general tradition prevails aimmg the Tartars that it formerly descended from the 
heavens. A cuirious extract. translut<*d from the Emperor Tchangire’s memoirs of his 
own reign is given in a pap(T communicated to the Royal Society, which speiiks of the 
fall of a metallic mass in India. Tin* prince n*lates, that in the year 1620 (of our era) a 
violent explosion was heard at u villagt* in tin* Puiijuuh, and at the same time a luminous 
lanly fell through tin* air on the earth. 'I'ln* idlicer of tlie district immediately repaired 
to tlic sinit where it was said tin* IkmIv fell, and having hunid the place to b<' still hot, he 
eauwd it to Ik* dug. lie found that the ln*at kept inereasing till they reached a lump of 
iron violently lioi. 'I'liis was afterw ards sent to court, where the EmptTor had it weighed 
in his prt'sence, and ordered it t(» he forgt*d int<» a sabre, a knife, and a dagger. After a 
trial the workmen n'pt»rted that it was not maneal)le, hut shivc'red under the hammer; 
and it re<iuirtHl to In* ini.\ed with i»ne third part of common iron, after which the mass 
was found to make exci‘ll«'nt blades. 'I'lie royal historian adds, that on the incident of 
this iron of lightmng In'ing iniumfaeiured, a prestuited him with a distich that, 
j ** during his n‘igii the curtli attained onler and regularity ; that raw iron fell from 
j lightning, whicli was, by his worhl-sulKluing authority, converlt*d into a dagger, a knife, 
and two sahn*s.'* 

A multitude of tlieories have been deviseil to account for tlic origin of these remarkable 
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bodies. The idea ia completelj inodmisaible that they ore concretions formed within the 
limita of the atmosphere. The ingredients that enter into tlieir composition have never 
been discovered in it, and the air has been analysed at the sea level and on the tops of 
high mountains. Even supposing that to have been the case, the enormous volume of 
atmospheric air so charged required to furnish the particles of a mass of several tons, not 
to say many masses, is, alone, sufficient to refute the notion. They cannot, either, be 
I projectiles from terrestrial volcanoes, because coincident volcanic activity has not Iwcn 
observed, and aerolites descend thousands of miles apart from the nearest volcano, and 
their substances are disconlant with any known volcanic product. Laplace suggestctl 
their projection from lunar volcttno(‘s. It has lH*cn calculated that a projectile leaving the 
lunar surface, where there is no atmospheric rcsistanct*. with a velocity of 7771 fwt in 
tlie first second, would be caiTi<*d beyond the point where the forces of the earth and 
moon ore equal, w^ould he detached, therel'on*, from the? satellite, and (’oinc so far within 
the sphere of the earth’s attra<’tion as ne<*(‘ssarily to fall to it. Hut the enormous numlMT 
of ignited Ixxlies that have been visible, tin* sluKUing stars of all ages, and the periodical 
meteoric showers that have astonished the miKlerns. rcnd<‘r this hypothesis untenable, for 
the nMK>n, ere this, would liuve iindergoiK* sucdi a waste as must have (HUisihly dimi- 
nished her orb, and ulniOvSt blotted lu*r irtiin the heavens. OlbiTS was one i>f the first to 
prove the [Kjssihility of a proj<‘ctile reatdiing us from the iikku], but at the same tiirie he 
dwmed the event highly iinprobalde, regarding the satellit<‘ as a very peaceable neighbour, 
not capable now of strong explosions from the want of water and an atmosphere. The 
th(.H)ry of Chladni will aceiuint geinTully for all tht? phenornena, 1 m‘ attc^nded with the fewest 
ditficulties, and, with sotiu* moditications to nieot eircMirnstanees not known in his day, it 
is now w'idely embraced. He coneeived tbe system to inebide an immense numlHT of 
small bcKlies, either the scattered fragments of a larger mass, or original aecimiuIationH (»f 
niatte.r, wbi(?b, eirculating round tlu* sun, encounter the earth in its orbit, and art* drawn 
towards it by attraction, become ignited iifMm entering the utmospbenr, in eoiiHiHiuenee of 
their velocity, and <‘onstitutc the sluMUiiig stars, iu*r(»lites, and meteoric ap|)curuncea that 
are obs<Tvcd. Sir Humphry Davy, in a paper which eontuiris his n*.searches on flamt*, 
strongly cxpres.se8 an opini<m that the meteorites arc solid iMslic^s moving in space, and 
that the heat pHslueed by the eoiiipressioii of the most rarefied air from the velo(!ity of 
their motion must lx? suflb’ieiil to igiiin* their mass so that they are fused on entering the 
atm(»sphere. It is estimated that a IxMly moving through our atmosphere with the v(do- 
city of one mile in a second, wouhl cxtricati* brat e<|ual to t'iO,(XX)® of huhrenheit — a 
heat more intense* than that of the tierci'st artificial furnace that ever glowwl. The chief 
mtKlification givcm to the Chladiiian theory has nrisiTi from theohservwl iK?ri(Klical cKx ur- 
rence of meteoric showers — u brilliant and astoiiiwhing exhibition — to some notices of 
I which wc proceed. 

The wriu*rs of the mi<ldh‘ ages nqwirt the iK-currenee of the stars fulling from Iieaven 
in resplendent showers among the jdivsieal appt*aranee.s of their timer. 1 he experiimce of 
modern days establishes the sub>tantial truth of such relations, however onro nje^rUMj us 
the inventions of men delighting in the marvellous. Conde, in his history <if the dominion 
' of the Arabs, states, referring t4»tbe month of (K*l<ilH*r in llie year iHYJ of 4)ur era, tlml on 
the niglit of the death of King Ibrahim In-n Aliracd, an infinite numlsT of falling stars 
weixi iM?en to spread thems<dves like rain over the heavens fnun right U» left, and this year 
w as afterwards calhxl the year of stars. In some Kastern annuls of Cairo, it is related that 
** In this year (1029 of our era) in the month llcxijel) (August) many stars passed, with a 
great noise, and brilliant light and in another placre the same d<K uiiient states : — “ In 
' the year 599, on Saturday night, in the last Moharrem (1202 of our ftra, and on the 1 9th 
j of October), the stars appeared like w avi-s u|»on the sky, towards the east and west ; they 
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Iw^} lii« paq^ were skrinad^” The researches of the Orientalist, M. Yon Hammer, 
halve hroQf ht these singtilar acooonts to light. Theophanes, one of the Bysantine his* 
toriaiis, records, that in November of the year 472 the sky appeared to be on fire over 
the city of Constantinople with the coruscations of flying meteors. The chronicles of the 
West agree with those of the East in reporting such phenomena. A remarkable display 
was obs^ed on the 4th of April 1095 both in France and England. The stars seemed, 
says one, ** falling like a shower of rain from heaven upon the earth;” and in another 
case, a bystander, having noted the s{K>t where an aerolite fell, ‘^cast water upon it, 
which was raised in steam, with a great noise of boiling.** The chronicle of llheims 
describes the ap[>earance, as if all the stars in heaven were driven, like dust, before the 
wind. ** By the reporte of the common jieople, in this kynge’s time (William Rufus),** 
says Rastel, “divers great wonders were sene — and therefore the kyng was told by 
divers of his familiars, that (»o<l was not content with his lyvyng, but he was so wilful and 
proudeof ininde, that he rt'gttrded little their saying.** There cun be no hesitation now in 
giving credence to sueh narrations us tliesi*, since similar facts have passed under the 
notice of the pn^seiit gen(‘ration. 

The first grand phenomenon of a meteoric shower which attracted attention in modern 
times was witnessed by tin; M<»ravian Missionaries at their settlements in Greenland. 
For several hours tlu? hemisphere presented a magnificent and astonishing spectacle, that 
of fiery particles, thick as hail, crowding the concave of the sky, as though some magazine 

of combustion in celestial space was 
discharging its contents towards the 
earth. This was observed over a wide 
extent of territory. Humboldt, then tra- 
velling in South America, accompanied 
by M. Bonpland, thus speaks of it : — 
“ 'J'owanls the morning of th<‘ 13th 
NoveinlMU-, 1799, we witnessed n most 
«‘xtrut»rcl inary scene of shooting meteors. 
TImusands of bodies and falling stars 
succeeded each other during four hours. 
'I'heir direction was very regular from 
north to south. From the bi^ginning of 
the phenomenon there was not a space in 
the firnittinent cKpial in extent to three diameters of the moon wdiich was not filled 
every instant with bodies or fulling stars. All the meteors left luminous truces or 
phosphorescent bands iMdiind them, which lusted st‘ven or eight 8<?et>nds.” An agent of 
' the Unites! States, IMr. Ellieott, at that time at s<*a In^twecn Cap<‘, Florida and the West 
India Islands, was luiother s|R*ctator, and thus describes the scene: — “I was called 
up about thr*?e oVliwk in the morning, to see the shooting stars, as they are called, 
'i'lie phenomenon was grand and nw ful. Tlie w hole heavens ap;M*ared if illuminated 
with sky-rockets, which disappeared only by the light of the sun after daybreak. The 
meteors, which at any one insuint of time ap]>eare<l as numerous as the stars, flew in all pos- 
sible ilirections, except from the earth, towards which they all inclined more or less ; and some 
I of them descended perpendicularly over the vessel w'e were in, so that I was in constant 
} expectation of their falling on us.** The same individual states that his thermometer, 

' which had been at 80*^ Fahr. for four days preceding, fell to 56®, and, at the same time, 

! the wind changed from the south to the north-west, from whence it blew with great vio- 
I lenec for three days without intermission. The Capucliin missionary at San Fernando, a 
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near the entrance of the Oronoco» also observed this shower of asteroids, which appears to 
have been visible, more or less, over an area of several thousand miles, from Greenland to 
the equator, and from the lonelj deserts of South America to Weimar in Germanjr. About 
thirty years previous, at the city of Quito, a similar event occurred. So great a number 
of filing stars were seen in a part of the sky above the volcano of Cayambaro, that the 
mountain itself was thought at first to be on fire. Tlie sight lasted more than an hour. 
The people assembled in the plain of Exida, where a magnificent view presented itself of 
the highest summits of the Cordilleras. A procession was already on the point of setting 
out from the convent of Saint Francis, when it was perceived that the blase on the horisou 
was caused by fiery meteors, which ran along the sky in all directions, at the altitude of 
twelve or thirteen degrees. In Canada, in the years 1814 and 1819, the stellar sliowers 
were noticed, and in the autumn of 1818 on the North Sea, when, in the language of one 
of the observers, the surrounding atmosphere seemed envelojK^d in one expansive ocean 
of fire, exhibiting the np|>earance of atu»thcr Moscow in flames. In the former cases, a 
residuum of dust was deposited upon the surface of the waters, on the roofs of buildings, 
and on other objects. The dejmsition of particles of matter of a ruddy colour has fre<|uently 
followed the descent of ai^roliti'S ; the origin of the popular stories of the sky having rained 
blood. The next exhibition upon a great scale of the falling stars (K'cmrred on the 13th of 
November, 1831, and was seen ofi’ tlie coasts of Spain and in tin? Ohio country. This 
was followed by another in tlie ensuing year at exactly the same time, ('iiptiun Hammond, 
then in the Utnl St\a, off M<K*ha, in the ship Hestitutioii, gives the following account of 
it: — “From one o’clock a.m. till after daylight, there was a very unusual phenomenon 
in the heavens. It appean*d like meteors Inirsliiig in every direction. I'he sky at the 
time was clear, the stars and moon bright, with streaks of light and thin white clouds 
intersjierscd in the sky. On lari<liiig in tlu^ morning, I inquired of the Arabs if they had 
noticed the alnive. They said they hud been observing it most of the night. J asked 
tliem if ever the like had ap|M ured before ? I'he oldest of them replied that it had not.” 
The shower was w'itness<*d from the Hed Sea westward to the Atlantic, and from Switzer- 
land to the Mauritius. 

We now come to by fur the most splendid display on record; which, as it was the third in 
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successive years, and on the same day of the montli as the two preceding, seemed to invest the 
meteoric sliowcrs with a jHiriodical character; and hence originated the titleoi the^ovember 
meteors. The chief s<renc of tlie exhibition was included within the limits of the longitude 
of 61*' in the Atlantic ()c(iaii, and that of 1(X)^ in Central Mexico, and from the North 
; American lakes to the West Indies. Over this wide area, an appearance presented itself, 
j i far surpassing in grandeur the most iiiij»osiTig artificial fire-works. An incessant play of 
' dasziingly brilliant luminosities was kept up in the heavens for several hours. Some of 
i these were of considerable magnitude and peculiar form. One of large size remained for 
I some time almost stationary in the zenith, over the P'alls of Niagara, emitting streams of 
^ light. The wild dosii of the waters, as contrasted writh the fiery uproar above them, 

I formed a scene of uncH}ualled sublimity. In many districts, the mass of the population 
were terror-struck, and the more enlightened were awed at contemplating so vivid a picture 
of the Apocalyptic image — that of the stars of heaven falling to the earth, even as a fig- 
tree casting her untimely figs, when she is shaken of a mighty wind. A planter of Sonth 
Carolina thus describes the effect of the scene upon the ignorant blacks : — was suddenly 
awakened by the most distressing cries that ever fell on my ears. Shrieks of horror and 
cries for mercy I could hear from most of the negroes of three plantations, amounting in 
I all to about six or eight hundred. While earnestly listening for the cause, 1 heard a faint 
' voice near the door calling my name. 1 arose^ and taking my sword, stood at the door. 
At this moment, I heard the same voice still beseeching me to rise, and sa 3 ring * O my 



Gud, the W'orld is on fire !’ I then o|K-mHl the door, and it is difficult to say which excited 
me mmi — the awfulness of the se<mo, or the distressed cries of the negroes. Upwards of 
one hundred lay prostrate on the ground — some speechless, and some with the bitterest 
cries, but with tboir hands raised, imploring GckI to save the world and them. The scene ' 

was truly awful ; for never did rain fall much thicker than the meteors fell towards the j 

earth ; e4ist, west, north and south, it was the same.” i 

This extraordinary sjH^ctacle commenced a little before midnight, and reached its height 
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between four and six o'clock in the mornin^. Tlic night was reraarkahly fine. Not a cloud 
oliscuFcd the firmament. Upon attentive observation, the materials of the shower were 
found to exhibit three distinct varieties: — 1. Phosphoric lines formed one class apparently 
described by a }H)int. These w'ere the most abundant. Tln^y passeil along the sky witli 
immense velocity, as numerous as the flakes of a sharp snow-storm. 2. Large fire-balls 
formed another constituency of the s(*ene. These darted fiulh at intervals along the arch 
of the sky, describing an arc of 30° or 40° in a few seconds. Luminous trains markcnl 
their path, which remaine<l in view' for a number of minutes, and in some cases for half 
an hour or more. The ti^ns were commonly white, but the vari(»us prismatic colours 
occasionally appeared, vividly and beautifully displayed. Some of these fire-balls, or 
shooting stars, were of enormous size. Dr. Smith of North Carolina observed one which 
appeared larger than the full moon at the horizon. ** I was startlt»d,** he remarks, ** by the 
splendid light in which the surrounding scene was exhibited, rendering even small objects 
quite visible.” The same, or a similar luminous body, seen at New haven, passed off in a 
north-west direction, and exploded near the star Capella. 3. Another class consisted of 
luminosities of irregular form, which remained nearly stationary for a considerable time, 
like the one that gleamed aloft over the Niagara Falls. The remarkable circumstance is 
testified by every witness, that all the luminous bodies, without a single exception, moved 
in lines, which converged in one and tlie same point of the heavens, a little to the south- 
east of the zenith. They none of th<*m started from this p<»int, but their direction, to 
whatever part of tlic horizon it might lie, when truerd baf'kwards, led to a common focus. 
Conceive the centre of the diagram to Im* nearly overhead, ami a prtiximate idea may bo 

foniUMl of I lie ehuracter of the scene, and 
the uniform radiation of the meteors 
r from the saint* source. The jiosition of 

, ^ “ . tills radiant |M>int among the stars was 

-3 ^ *^><**^r y D'onis. It remained stationary 

' it ^ r<‘spect to the stars during the 

i- ^ ^ V ' ■' whole of the exhibition. Instead of 

^ . /; ^ \ ; vy* !•! ‘ V? ueeompanying the earth in its diurnal 

.ui‘i ' V'j ’ motion eastward, it attended the stars 

> * '' • * ‘i i I iv *'\ B||Hf *** tlitrii* apparent movement westward. 

i The source of the nieUuiric shower was 

* ; . T, '^1 : thus imiependent of the earth’s rotation, 

^ ^ uiid this shows its position to have lawn 

in the regions of space exterior to our 
atmosphere. According to the American Pnifossor, Dr. OlmsUraAl, it could not ha\ (; 
been less than 223H miles alaive the earth’s surfai*e. 

Tlie attention of astronomers in Kiirope, and all over the world, was, as may be imagined, 
strongly roum*d by intelligence of this celestial <lisplay on the wf*steni continent ; and as 
the occurrence of a meteoric sliower had now been <ihserved tor three years successively, 
at a coincident era, it was inferre<l that a return <if thisfiory huil-stoirn might he cxfH'cted 
in succef*ding NovemlKTs. Arrangeiuents were tluTt'lon* rnuile to w atch thrr lufavciis on 
the nights of the 12th and 13th in the following years at the jirin(!ipul ohservatories ; and 
though no such im(>osing sjK'etacle as that of IH33 hits Imoii wilnesw'd, yet extraordinary 
fiights of shooting stars have lK^*n observed in various placrs at the js riodie time, tending 
also from a fixed point in the constellation I^eo. lliey were seen in Europe^ and America 
on November 13th, 1834. The following results of simultaneous observation were ob- 
tained by Arago from different parts of France on the nights of November 12th and Idth, 
1836: — 





142 


8C£NERT OF THE HEAVENS. 


Ftoco. Meteori. 

pAiit, ftt th« Olwcnratory - 170 

Dieppe . - - - 3f> 

Am . • . . 27 

Btnaimrg . • . 85 

On November 12th, 1837, at eight o’clock in the evening, the attention of observers in 
various |>art« of Great Britain was dire<rted to a bright luminous body, apparently proceeding 
from the north, whicli, after making a rapid descent, in the manner of a rocket, suddenly 
burst, and scattering its particles into various beautiful forms vanished in the atmosphere. 
This was succeeded by others all similar to the first, both in shape and the manner of its 
ultimate disappearance. The whole display terminated at ten o’clock, when dark clouds 
which continued up to a late hour, overspread the earth, preventing any further observation. 
In the November of 1838, at the same date, the falling stars were abundant at Vienna ; and 
one of remarkable brilliancy and size, as large as the full moon in the zenith, was seen on 
the IStli by M.Verusmor off Cherburg, passing in the direction of Cape La Hogue, a long 
luminous train marking its course through the sky. The same year, the non-commissioned 
officers in the island of Ceylon were instructed to look out for the falling stars. Only a 
few appeared at the usual time ; but on the 5tli of December, from nine o’clock till midnight, 
the shower was incessant, and the number defied all attempts at counting them. 

Pr<»fessor Olmstead, an eminent man of science, himself an eye-witness of the great 
meteoric shower on the American continent, after carefully collecting and comparing facts, 
proposed the following theory : •— The meteors of November 13tb, 1833 emanated from a 
nebulous Imdy W'hich was then pursuing its way along with the earth around the sun ; 
that this iKxly continues to revolve, around the sun in an elliptical orbit, but little inclined 
to the plane of the eeli[)tic, and having its ujdielion near the orbit of the earth $ and 
finally, that the Ixsly has a period of nearly six months, and that its perihelion is a little 
within the orbit of Mercury. The diagram represents the ellipse supposed to be 

described, E being the orbit of the earth, M that of 
mercury, and N that of the assumed nebula, its 
aphelion distance Inung about 95 millions of miles, j 
and the perilieliim 24 millions. Thus, when in aphe- j 
lion, ilie bo<ly is close to the orbit of the earth, and I 
this occurring periodically, when the earth is at the ! 
same time in that part of its orbit, nebulous particles 
are attrttcte<l towards it by its gravity, and then, * 
entering the atmosplierc, arc consumed in it by their i 
eoneurrent velocities, causing the ap[>earance of a j 
melet»rie shower. The parent body is inferred to be i 
nebular, lK*enuse, though the meteors fall towards 
tile earth with prodigious veUK’ity, few, if any, ap- ! 
pear to have reached the surface. They w’ere i 
I stopped by the resistance of the air and dissipated in it, whert'as, if they had possessed ! 
j any oonaiderable quantity of matter, the monientuni would have bt‘en sufficient to 
' have brought them dow'n in some instances to the earth. Arugo has suggested a similar 
theory, Uiat of a stream or group i>r iiinumerable luKlies, comparatively small, but of 
various dimensions, swetqntig round the solar focus in an orbit w'hich piTiodically cuts that 
of the earth. These two tht*ories art* in substance the Chlatlnian hypothesis, first started 
to explain the observed actual of aert>litcs. Though great obscurity rests upon 

the subject, the fact may bt* d4*enied certain that independently of the great planets and 
aatcllites of the system, then* are vast numbers ol bodies circling round the sun, both 
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singly an<l in groups, and probably an extensive nebula, contact with which causes the 
phenomena of shooting stars, aerolites, and meteoric showers. But admitting the exis- 
tence of “uch bodies to be placed beyond all doubt, the question of their origin, whether 
original accumulations of matter, old us the planetary orbs, or the dispersed trains of 
comets, or the remains of a ruined world, is a point beyond the powxT of the human under- 
standing to reach. 


CHAPTER VII. 

A GLANCE AT THE STARS. 

have been chiefly occupied hitherto with those celestial bodies, 
which from their conspicuous appearance or changes of position, 
and some of them from their obvious connexion with the con- 
venience and existence of the human race, have in all ages been 
objects of s{>ecial attention. Most of these bodies are situated 
w'ithin the limits of the sodiac, an imaginary cone or girdle 
extending round the lieavens, of about sixteen degrees in 
breadth. It ineluden th<‘ sun and moon, and also all the planets, 
with the exce|)tion of the asHToids. But in the sodiac, and 
throughout the wh(»le ceh stiul eoncave, we sec scattered every 
where a numher of radiant points of varying brightness, 
whi<*h appear to have always the same position with regard to 
each other. This has originated the title of the lixod stars, by which they are po- 
pularly known. The term, in an absolute s«*nse, is inaccurate ; lor recent obs(*rvations 
iiave detected changes in the mutual relations of many t»f these boflies, and it is pro- 
bable that all of tliem an*, subject to trunslation. Owing to ibcir vast distance, their 
motions appear exceedingly slow to us, requiring the finest instruments to be jkt- 
ceptible; and hence they have a ehiiraeter of permanenee in contrast with the planets, 

I and the term “ fixed” becomes comparatively npplieable. 'i'lic apparent immobility of these 
objects renders them of iirirmnse use in geography, navigation, and planetary astronomy; 
and hence tlie observation of the sidereal h<»st, ami the ibrination of acemraU^ catalogues j 
of its members, are among the most important of the lulniurs of wienec. Sir J. Herschel, j 
in magnificent language, before the Astnmomiettl Sis iety, thus referred to the catalogue i 
of Piazzi, published in IHOo, containing the phiees of no less than 7()4(> stars: — “For j 
what has a Piazzi worn out his veneruhh* age in watching ? The answer is, not to settle 
mere speculative points in th(! d(K trine of the univerw^ ; not to cater for the pride of man, 
by refined enquiries into the remoter mysteries of nature, — to trace the path of our 
system through infinite space, or its history through past and future eternities. These, 
indeed, are noble ends; the mind swells in their contemplation, and attains in their 
pursuit an expansion and liardihmxl which fit it for the boldest enterprise. But the 
direct practical utility of .such lulsiurs is fully worthy of their speeulative grandeur. The 
stars are the landmarks of the universe; and, amidst the endless and cxjmplicated fluc- 
tuations of our system, seem plac(*d by its CreaU^r os guides and rcrcords, not merely to 
elevate our minds by tlic contemplation of what is vast, but to teaerh us to direct our 
actions by reference to what is immutable, in His works. It is indeed hardly possible to 
over-appreciate their value in this fK>int of view. Every well-determined star, from the 
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moment its place is registered, becomes to the astronomer, the geographer, the navigator, 
the surveyor, a jioint of departure which can never decreive or fail him, the same for ever 
and in all places, of a delic'acy so c-xtreme as to be a test for every instrument yet invented 
by man, yet equally adapted for the most ordinary purposes ; as available for regulating 
a town clock, as for conducting a navy to the Indies ; as effective for mapping down the 
intricacies of a petty barony, as for adjusting the boundaries of' trans- Atlantic empires. 
When once its place has lK*en thoroughly ascertained and carefully recorded, the brazen 
circle, with which that useful work was done, may moulder, the marble pillar totter on 
its base, and the astronoin<T himself only survive in the gratitude of his posterity ; but 
the rexjord remains, and tranfuses all its own exactness into every determination which 
takes it for a groundwork, giving to inferior instruments, nay, even to temporary contri- 
vances, and to the observations of a few weeks or days, all the precision attained origin- 
ally at the cost of so much time, labour, and ex{Kmse.” 

In the earliest times of which we have any account, mankind appear to have been 
acquainted with the use of the stars as celestial guideposts in their travels by land and 
vt^ages on the deep. We may conclude their observance in the former circumstances to 
have had the precedence. Without being aware of some safe and sure method of directing 
their course by night, acquired in journeys on shore, men would hardly venture upon a 
night voyage at sea* It is likely that in the great Oriental deserts, those immense plains 
with few natural landmarks, the useful discovery was made how accurately the traveller 
may direct his footsteps by a cultivated acquaintance with the stars, which stimulated 
enterprise upon the pathless waters, and laid the foundations of maritime expeditions. 
Diodorus Siculus expressly states that travellers in the sandy deserts of Arabia were 
accustomed to direct their course by the Bears, the two constellations of that name, a fact 
which the Koran recognises in the passage: — “God has given you the stars to be guides in 
the dark both by land and sea.” The honour of inventing nautical astronomy is usually 
assigned to the Phenicians, but some knowledge of it prevailed among the Greeks as early 
as the time of the Trojan war. Ulysse.H is represented sailing on his raft, sitting at the 
helm, and watching the stars through the night. While, however, the Greek sailors chiefly 
conflned their obsenations to Ursa Major, the Phenieian navigators made a closer 
approximation to the nortli, Aratus tells us, referring to Ursa Minor: 

‘•Obwrving this, Phcniciitm plough tlu* tn«in.” 

Tlio renowninl pilot of the Tmjan fleet, Palinurus, through intently w'atching the face of 
the nocturnal heavens at the helm, ti*ll overboard, and for a time w’us lost to his com- 
panions. llte Pleiades are supjxised to derive their name from rXieie, to sail, because, 
daring the winter months, they were of high iin|K)rtanec to the benighted Greek mariner. 
It must appimr marvellous in the t xtn'nie to the uninformed, that now tlie skilful navi- 
gator, on a before unvisited is'ean, eau <leteriuine positively where he is, to within five 
iniles» by means of tlie stars ; and useertaiii liis distance from, and true course to, any known 
meridian or luu'l>our of the gloln*. From the deck of his ship he has merely to measure 
the moon*8 appanmt distmiee troiu et'rtain stars, to compare the result with their true 
places as given in the Nautical Almauaek for every day in the year, and he finds his lon- 
gitude. There are nine conspieimus stars which an^ chiefly useil for this purpose, owing 
to their poeition being contiguous to the iiuhuis (mth in the heavens; — o Arietis, Alde- 
baran, Pollux, Kegulua, 8piea Virginis, Antnres, Altair, Fumalhaut, and !Markab. The 
late Captain Basil Hall on one t>n^asion was at sea for eighty-nine days, passing in the i 
interval through a distance of eight thousand miles, witliout oru^e making land or seeing i 
a single sail on the voyage, but with unerring precision he came direct to his destination. 
His ciiurse lay from Bias on the west coast of Mexico, through the Pacific Ocean, 
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round Cape Horn, and across the South Alhintic to Kio »IiiiK*iro. Arrived within a lew 
days’ sail of Rio, he took a set of lunar observations, to ascertain his true position, and 
the bearing of the harbour, and vshuj>ed his course accordingly. Alterwards, as he remarks, 

“ I hove to, at four in the morning, till the day should bnaik, and then lajre up ; for, 
although it was hazy, we. could see before us a couple of miles or so. Abmit eight o’clock 
it became so foggy, that I did not like to stand in further, and was just bringing the. ship : 
to the wind again, before sending the people to breakfast, when it suddenly cleared off, 
and I had the satisfaction of seeing the great Sugar-loaf ruck, which stands on one side of 
the harbour’s mouth, so nearly right aliead that we Irnd not to alter our course above a point 
in order to hit the entrance of Rio. This was the first land we had seen for tliree months, < 
after crossing so many seas, and being set backwards and forwards by innumerable j 
currents and foul winds.” The crew might well cheer their skilful commander upon en* j 
tering the port. | 

On a clear night in winter, when the moon is absent, the heavens exhibit an aspect of | 
great brilliancy, attractive to the eye of childhood and maturity. But to see the stars to i 
advantage, in the utmost of that glory wbiclt they reveal to the gaze of man, we must 1 
cruise in tropical seas, or wander with the Bedouins in their desi^rts. There, through a 
more transparent medium, the leswjr lights of heaven shine with a lustre and vivacity of 
which we have no conception, who are only familiar with a denser atmosphere. Known 
to be at a distance from us, in comparison with wlii(*h the interval between us and the 
farthest planet is but a hand- breadth, the stars far surpass that planet in their light, and 
hence it follows that they are not like him de^R'iideiit upon the eeiitrul luminary of our 
system, but self-luminous iKxlies, ind(*pendent suns. This is rendered unqiiestionuhle by 
the fact, that while every reflected light is siisc’eptihle of |Mdurisation, the light of the 
stars, like that of the sun, is incapable of it. The tremulous emission of the stellar light, 
the scintillation or twinkling of the stars, is a remarkable feature, and was long a puzzle 
to philosophers. It is now generally suppostid to arist* Irom the molecules of the atmo- 
sphere constantly undergoing sudden compressiuns and dilatations, which prcMluce changes 
in its refractive power, and cons<5<|uent changes in the dircjction of the rays of light, ; 
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apparently every moment displacing the stars. The effect is not so sensible in the case of 
the planets because of their disks. These, though small, are of sufficient magnitude to 
bear without so much disturbance the minute agitations of the atmosphere, whereas the 
•tars, being only brilliant jioints, without any perceptible diameter, are completely 
displaced. It has been observed, tliat in serene climates, and on the tops of high 
mountains, the twinkling of the stars is much less powerful than when viewed from other 
situations, which tends to confirm the preceding explanation as the true one. 

On directing the eye to the celestial vault, the impression made upon the mind is that 
of an incalculable number of stars being visible — that of the army of heaven consisting 
of a host which our arithmetic will not suffice to reckon. It is well known that this is an 
optical illusion. Tlieir twinkling and disorderly position in the sky confuses and deceives 
the sight They are so scatter^ as not to be included at once in the held of vision. 
Hence arises the idea, that the visible number, which is realljr very limited, is, on the; 
oontraij, immense. Tliis is the popular notion, and it is borne out by our first optical 
Impressions. But an ordinaiy eye will not be able to discern much above a thousand in' 
our firmament under the most favourable circumstances ; and including both hemispheres,' 
three thousand will be the outside number which a keen and experienced gaze will reach. 
The Greek and Arabian astronomers distinguished some of the brightest stars by 
particular nara<‘8, which are recognised in our nomenclature of the heavens, as Sirius, 
Aldebaran, Rigel, Arcturus, Capello, Canopus, and Fomalhaut, though a different mode 
of prtK^eeding is now adopted, having become necessary by the large additions made to 
the ancient catalogues. To distinguish the stars in a constellation, the letters of the 
Greek alphabet are now employed ; when these are exhausted, those of the Roman are 
used ; and when these fail, numerals are resorted to. Thus a designates the most bril- 
liant star of a group, ft the next most conspicuous, y the third, and t the fourth. In this 
way, the ndative brightness of the memlM^rs of jmrticular constellations is indicated, not 
tliat of the stars in general, for y Virginis is equal in brightness to a Aquarii. This 
methtMl was first intro<luced by John Buyer of Augsburg, in his “ Uranometria,” in 1603; 
who thus ranged the stars in tlu^ order of brilliancy, as they then appeared to the naked 
eye, and it has be<*n adopted by most succewling astronomers. Referring to the whole host of 
heaven, the stars are dividinl into classes, according to their apparent magnitudes, which 
range from those of tlic first magnitude, or the brightc^st, down to the sixteenth ; but all 
after the sixth are invisible tt» the nuked eye, and art* hence called telescopic objects. Of 
the stars in IhiIIi hemispheres, within reach of a practised gazer, which in round numbers 
may Ik* stattHl to Ik* three thoUs«and, the following are about the proportions belonging to 
the different classes ; — 


Kimt magnitude 

- 

- 

20 

1 Fourth magnitude 


500 

Second 

- 

- 

70 

Fifth 

. 

- 690 

Third 

- 

• 

• 920 

Siith 

. 

1500 


From direct experiments with tlie photomometer, an instrument for measuring the 
iutoasity of light. Sir W. llerst*h(‘l inferred as follows : — 

Light of « sUr of tin; aTttrage first magnitude » 100 
second ■> S5 

third M 19 

fiiurth ■■ 6 

fifth -.9 

aixth m J 

The intensity of the light, thf»rt»fure, of a first class star, acconling to this estimate, is a 
hundred times greater than that of one Udonging to the sixth. Sir John Hersche! lias 
arrived at a ilifferent conclusion, having found the light of Sirius, the brightest star in the 
heavens, about 324 times that of on average alar of the sixth magnitude. 
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The stars are further distinguished hy being formed into artificial groups or con- 
stellations. This is a convenient arrangement in itstdf, analogous to the civil divisions of 
the globe, its empires, states and cities. But, unfortunately, celestial objects have not btH'n 
grouped with judgment and care, liaving bi^en the work, for the most part, of unknown 
authors in an age remote and rude. Hence we have constellations running into each other, 
men, animals, birds, and dragons, jumbled together in the nutst disorderly manner. Eu- 
doxus i>f Cnidus, a contein|H)rary of Plato, about 370 years before Christ, sent forth a 
description of the face of the heavens, containing the names and eliamcters of all the 
constellations recognised in his time. Though this production has |M*rished, yet a 
poetical paraplu*ase of it, written about a century later, is still extant, the work of Aratus, 
a Cilician, and probably a native of Tarsus. This astronomical poem opens with a 
atatement of the dependence of all things upon Jupiter, whose children all men are^ : 
and who has given the stars as the guides of agriculture. j 

** With Jove we must begin ; not from Him rove ; { 

Him elwoTt prmiee, for ell it frill of Jove t j 

He frUt all pUeev where mankind retort, I 

The wide-tpreed tee, with ev*ry thalt*ring port | 

Jove^ prceenee fills ell space, upholds this bell ; i 

All nerd his aid, his power sustains us sll. | 

For we hie ojfepring art ; snd He in love 

Points out to man his labour from above ; i 

Where signs unerring show when l>est the soil ; 

By welUtim’d culture shall repay our toil." 

This passage has acquiriHl great inten^st from the circuiuHtniicc of the part in italics 
having btHjn quoted by Paul in his addres.s to the Atlumians, hiinstdf a man of 'rursus. The 
poem of Aratus dtjscrilws the configurations of all the coiisteUationH then in use, with their 
res|H*ctive times of rising and setting, uinounting to forty-fivr*, all of which are represented 
on our prestmt celestial globes. They are the twelve zcHliaeal, with twenty in the northern 
hemisphere, and thirteen in the southern. The m‘xl enuriieration (KTurs in the ** Alma- 
gest” of Ptolemy, w hich includ<^« the preewling, with three udditionni, one northern and 
two southern constellatioiiH, making in all forty-eight. Thesi* are the ancient stellar 
groups. l.«arge accessions have lM‘en made to the rinmeiielnture in mcMlem times, in 
consequence of maritime discovery having made us a<*f|unirited with regions of the 
heavens ufK)n which the an<'ient eye never garni. W'hi*n the Kuro|>4*ans began to 
navigate the southeni hemisphere and effected a passage roiirul the Cufie of Good Hojm*, 
many stars of tHiursc* apjieared whi<’h are never seen hy the inhahitaiits of the north; and 
from these numerous additions have been made t<i the old coiistellatioris. Some stars also 
of the northern heavens not iiielud«*<l in the aiieii*nt groups have li<reri formed into new 
ones. In ITol Lacaille went to the ( ape for the piir{MiH4' of making a catalogue of the 
southern stars, and forming them int<i eonsU llatioiis, an undertaking which he prose<!Uted 
with great ardour for nearly four years at the expenw of the French government. 
Flattery has also contributed its mite t<»wards the stellar nornenclutiire. IJjMin the restora- 
tion of Charles II., the evening Ix-fore his return t<» I><indon. Sir diaries .Scarborough, 
the court physician, was gazing ufwm a star in *lhe northern heavens, which shone with j 
greater luminosity than usual as might Ik* exjKK!t«Kl from a loyal star on such an occasion. ; 
Tills, in connection with a few others wiw formed into Cor Curoli, the heart of Charles II., 
Ijy Halley, at the do<*ioFs recommendation. 

In the following list the constellations of IkiUi hemispheres at prescjnt recognised are ! 
given, w'ith the number of stars in each, and the names of the constructoiw ; but those of 
Aratus and Ptolemy, merely denote the constellations that are found in their lists, and 
all that the former enumerates roust be added to thos<; recorded by the latter. 
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SODIACAL COMSTBXXATIOMli. 


WsmaafCmnitiwIwi 

Aathsr. 

Arias, tha Ram 

Aratus 

TaunUy tha Bull. 

Oamioly tha TwInSy 

M 

CtDoar, tha Crab. 

Lao, tha Lkm, 

•» 

Virgo, tha Virgin, 


U^tha Baianaa. 

Seoriito. tha Scorpion, 

ItqHfthHiiiy tha Archar. 

»• 

Caprteomus, tha Ooat. 

•f 

Aotawhis, lha Watar-bagmy 

1 rlMMy lha FhAiasy 



No. of Stan. 

Prlndpsl Sun. 

Mwtnlmda. 

66 

a Ariatit, 

a 

141 

Aldabanm, 

1 

BA 

Castor, Pollugy 

1-2 

SS 

Acuhaiisy 

8 

9A 

Rag ulus, Denetaolay 
Bpftu Virginia, 
Zuhaiilch Nell, 

1*8 

no 

At 

1 

8 

44 

08 

Antaraa. 

1 

SI 



lOB 

Bchaaty 

1 

lU 




NOBTHSmir OONITILLATIONS. 


Vtm Wnor, tlM Immt 
yrm th« OrMt Bmt, 
f&nmm, and Uaad oT > ladn<a. 


Aurlfa, tha Wamnar. 

BoStaa, tb« HanUmany 
Draco, ttia Dngaa^ 

Cafdiau*, 

Canoe Vonatirl, tha Oreyhoundi AiterU and Cham, 
Cor Caroli, Heart of Charlm 11. 

Trlanfuluoa. tha Trlangla, 

Triangulum mlnui, 

Mueca, tha Fljr, 

Ljna, 

1.00 Minor, tha IjtmMttr Lion, 

Coma Btraniraa, Harmico** Hair, 

CainalMfpardalii, (ho (flrafTc, 

Mont ManaUut, Mount Manolaut, 

Corona BoraalU, tha Norihom Crown, 

Rarpani, tha Harpant, 

fteutum Mohlaaki, Hobiaikl’t Shield, 

Hareulat with Carbarue, 

Harpootarlut. or Ophluchot, tha Sarpent-bearor. 
Taitrut PonUiuwtkt, tha hull of I'onUtuwtki, 

Lyra, (ha Harp, 

Vttipacttlut at Ansar, tha Fua and Guusa, 

Hagltta, lha Arrow, 

Aqutla, tha Ragla, with Antlnoui, 

Dalphlnos. tha Ikitphlii, 

Cygiius, tha Swan, 

Casshtpala. tha l.a*lv In her Chair, 

Kquutus, tha llorta% Head, 

IJMrarta, tha l.lftard. 

Pagasusy tha Flying llorsa, 

Androraada. 

Tarandut. lha Raindaer, 


it 

84 

Pola-ttar, 

f* 

K7 

Dubhe. Alioth, 

ga 

AO 

Alganib, AlgoL 

•« 

66 

Capalla, 

gg 

A4 

Arctiirua, 

g. 

MO 

Rastahany 

g. 


Alderaminy 

Ilevellus 

2A 


llallay 

3 


Aratus 

16 


Heraliua 

10 


Boda 

6 


Ilevatius 

44 



03 


Tycho Brahe 

43 


Herelius 

M 


g. 

11 


Aratoi 

81 



64 


Herelius 

8 


Aratus 

113 

74 
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Fhoanlt *, 

Apparatus Sculptorli •. (hr Sculptor's Apparatus. 
Rrtdaniis Fluvius, (hr Ittvcr I'o, 

Kydrsis •, the Water Siudkc, 

Cmus, the W'halr. 

Fornax Chamlra. tha ('harolral Furnace. 
Horologium* tha Clock. 

Rhaticulus HhotnbtddUlus.* 

Xinhias Dorado*. Ihr gannl Fish. 
CawiMraaltallls, the Kngrarar's 'I’ihiIs.* 

I.apus, tha Kara, 

t'^umha Noachi, Noah's Ihtvc. 

Orion, 

Argo Navis, tha fthlp Argo, 
t'nnls Mai«>r, tha (iraat Dug. 

Kquulaut Ph^urls, 

Monocaros, tha Unicom, 

Cauls Minor, tha Kttla IVng, 

Chanuslaon *, 

Pyalt Nautica. tha Marinar’s Compass. 

Fitcis Volant *, lha Flying Ftsh, 

Hydra, tha Sarpant, 
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Ridmr Carolmum *, iW Oak of Charles II.. 
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Crux *, the Cross, 

Apis Musca, the Bee, or Fly. 
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The stars included in this list are not all visible to the naked eye. They are those 
whose declination and right ascenKion have l)een accurately ascertained, and inserted 
chiefly in Flamsteacrs catalogue. Declination is the distance of any heavenly body cither 
north or south of the equinw'tiul, iiieasurtH] on a nieriilian. Uight ascrension is its distance 
east from the first {>oint of Aries, measured on tlie (H|uin(N*tiiil. The former corresponds 
to terrestrial latitude, and the latter to terrestrial longitude ; but while declination, like 
latitude, may extend to 9(V , and no more, right aseenHitm is n*.ckoned only in one dirt^c* 
tion, and may therefore ext<*n<l r<»und the sphere, or to 3(50^ whereas terrestrial longitude, 
being reckoned east and west, can only extend to 180^^. 

Owing to the pnM*essi(»n of the equinoxes, a change has occurred in the relation be- 
tween the signs of the riKliuc and their rc‘spe<‘tive asterisms which is somewhat puxxling 
to the general reader, who is apt to confound the sign with the (^nsbdlation called after 
it. Two thousand years ago, in the days <»f Hipparchus, the zodiacal signs and asterisms 
correspond!^ so that when the sun entered the first point of the sign Aries, he entered 
also the constellation of that name. Then the f»<}uin(M'tiul eolure, — an imaginary great circle 

passing thnmgh the |h)1i>s of the heavens and the 
sun H place at the vernal ec|uinox, intersected the 
stellar ram, as some ancient representations testify. 
Hut as the equinoctial (mints retrograde about /5<)" 
annually, they have receded nearly 81^ since the 
lime of Hipparchus, or mc^re than a whole sign. 
The «‘fl<iM*t has bfi!!n to s<;parat<f the asterisms from 
their denominational signs, so that the constidlation 
I'iwes is now in the sign Aries, the constellation 
Aries in the sign Taurus, and the tropics of Cancer 
and Capricorn, according to the sun*s place among 
the stars, have Isjcome the tropica of Gemini and 
Sagittarius. Four thousand years back, anterior to 
the time of the Hebrew patriarchs, the sun was in the astcrism Taurus at the vernal 
equinox, and the Bull opened the astronomical year ; and two thousand years hence, the 
asterism Aquarius will occupy the present position of Pisces, and lead on the celestial 
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host for a similar perio<l. All confusion will be avoided, by discriminating between the ; 
I oonstellations and tli<i signs of the z(Klia<;, though Ixiaring the same name, understanding by | 
the former the usteriHnis, and by the latter certain sections of the ecliptic. In about twenty- 
tliree thousaiid years, the zodiactal constellations and signs will again nominally agree. ! 

The constellation Akies is situated in the heavens next eastof Pisces, and midway between | 
Triangulum and Musca on the north, and the head of Cctus on the south. It is readily ' 
distinguished by means of two bright stars in the head of the Ram, about 4° apart, the 
^ brightest being the most north-easterly of the two. 

^ ; This is the nautical star a Arietis, called Hamal by 

. i the Arabs, of the second magnitude; the other, She- 

j ratan, is of the third. Here is one instance out of 
I many, where stars of more tlian ordinaiy brightness 
. arc seen together in pairs, the brightest being gene- 
. rally on the east. 

Taukus, one of the finest of the sodiacal asterisms, 

' I has Perseus and Auriga on the north, Gleniini on the 
I east, Orion and Eridanus on the south, mnd Aries on 
the west. It includes the two remarkable clusters, the 
Pleiades and IJyades, the former on the shoulder, and the latter in the face of the Bull, 

I about 11^ apart. The llyades consist of five stars, so placed as to form the letter V, 

I the brilliant star, Aldebaran, of the first magnitude, being on the top of the letter to the ; 

I left, 'riiis group is just rising in the east when Aries is about 27° high. I 

: The cluster has gone through some evil and g(XKl report. Figuring conspicuously in ; 

our w'inter sky, Statius calls them a snowy constellation ; Valerius Flaccus speaks of their i 

I danger to ships ; while Horace pictures the south-wind 

I I lashing the deep into storm in the presence of the 

• stellar sistcrluHid. But as the Pleiades were more in 
juxtaposition with the sun at the vernal equinox in 
. ■ hy-gone tluys limn at present, the Romans sometimes 

' ! called tln'iii Vergilhe, or the “ Virgins of the Spring.” : 

I Gemini is situated with the Lynx on the north, i 
i Taurus on the west. Cancer on the east, Monoceros 

« I and Cnnis Minor on the south. It is easily known 

! hy llic two principal stars, Castor and Pollux, the i 

’ I former of the first, and the latter of the second mag- i 

iiitude, about apart. The constellation was anci- | 
eiitly rt'premuited hy two kids, which tl«; Greeks changed into the twin-brothers after j 
whom the two star.'^ are named, and which the Arabians altered into peacocks. A small 

star of the fifth magnitude. Propus, is memorable on 
ariHumt of Ilerst'hel finding Uranus in its neighbour- 
IkhnI, }uid as having served for many years to guide 
nstroiioiiicrs to that planet. i 

t^\NCEK is inferior to most of the other constel- ‘ 
lations along the solar highway, having no conspicuous 
stars. Twi» of the fourth magnitude the l^roans 
called Aselli ; and a nebulous cluster of rery minute 
stars, sufficiently luminous however to be seen by 
the nakcH] eye, exists at the distance of about 2° 
from the Asses, This cluster goes by the name of 
Prtvst'pr, ta the Manger, out of accommodation to them. 
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Lko, situated next east of Cunccr. and din'ctly ^ 
south of Leo Minor and Ursa Major, makes a Um» 
brilliant appearance in the sky, lioasting 

•* Two splendid uUm of highent dignit)' ;** 

with several that are conspicuous objiTta. Rcguliis, 
a star of the first magnitude, and Dtmebola, one of the 
second, are about 25^ apart, the former in the breast 
of the Lion, hence often called Cor Loonis, the other 
is situated in the tail. 

Virgo, represented as a woman holding an ear of j 
com, a mythological penonage» has Leo on the east, j 
Coma Berenices on the north, and Corvus on the 
south. The asteHsm is rich in start, the chief of 
which is Spies Virginia, a drst-claaa star in the 
wheat-car, known by its aolitaiy splendour^ there 
being no visible star near h but one of the Ibufth 
magnitude. For this reason, it was called by Ae 
Arabs Ai-SmiA-aMzal^ the unarmed or defhneeleas 
Simkk. The place of this star, as determined by 
ilipimrchtijs compared with a similar determination a 
century and a half before, Ifwl to the discovciy of tlio j 
precession of the (H|uinoxcs« ! 

Liitiu, the luiliinec, the em- 
blem of the office of Virgo as 
the gcxldesH of justice, lias four 
siib4>rdiniite but still conspicuous 
stars. Tlu'y form a rjuadrila- 
tenil figure, two on the north- 
east, niMiiit 7*^ apart, and two on 

the south-west, ul»out 6® apart, ! 

disiingiiisliiiig tie* Scales. 

S4Hmi*io exhibits a beautiful 
eolleelioii of stars. One of the 
first magnitude, the fiery An- 
tnrrs, is a pAraniouiit object in 
this n*gion 4»f the heavens. Four smaller slurs form 
an are over him not unlike a lK>y*s kite, and ten 
inon* e*<»nspicuouH <*xterid from him in a crooked line, j 
answering to a kite’s tail. | 

.SxijrrAitiLH has none but subordinate stars, but j 



■ many <»f tliea#^ are very distinct, and may be ranged j 
iiii4> a van<*ty of ge.oiiietricul figures. Kight of the | 
prtrieipal form two fpjadrangles, nearly alike^ four in ! 
and fViur out of the Milky Way, by which the con- ! 
- stfdlation is reatlily distinguished. 

('ai'KICOrrus, with Cancer, is one of the least i 
striking of tlie zodiacal astertsms, but one of the ^ 
most celebrated among the ancient^ as the sign under which Augustus and Vespasian ; 
were bom, hence accounted the harbinger of good fortune, and as marking the southern j 


i 

i 


i 
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tropic, or winter solstice, and therefore called the “ Southern Gate of the Sun.’’ Now, j 

in consequence of the precession of the ecjuinoctjal 
and solsticial points, the sun is in the sign Capricorn i 
at midwinter, but does not reach the constellation ; 
until the middle of January. j 

AqtJAiurs is more easily recognisable by the eye, ■ 
having four stars distinctly forming the letter Y 
about the urn which the water-bearer is pictured 
emptying of its contents. The Arabs, not being 
allowed by their prophet to depict the human figure, 
represented this asterism by a mule carrying water* 
biUTels, and for the same reason they changed the 
twins Gemini into peacocks. 

Pisces is a loose assemblage of small sta^ difil- 
cult to be traced, occupying a large triangultf space 
in the heavens. This is now the first constellation 
in order in the zodiac, that which prendes over the 
vernal equinox, a position to be occupied for cen- 
turies to come, but ultimately resigned to Aquaiiiia, 
after a tenure of office extending to somewhat more 
than two thousand years. It will be seen, that the 
most imposing of the zodiacal asterisms are those 
which the sun now traverses in our summer months, i 
They are then lost to us by reason of his effulgence, 
but an*. s])lcndid objects during the long nights of 
winter, llic time, however, will arrive, when the ; 
sun*s high road will lie through these asterisms in 
winter, and Taurus, Gemini, and Leo, will be lack- I 
ing in our heavens during the winter nights, appear- ' 
iiig in the nights of summer, but with less splendour, | 
owing to the strength and duration of the twilight! 

Directing attention to tiie constellated groups of | 
the northern hemisphere, the most conspicuous and | 
spletulid is Ursa Major, supposed to have derived its ! 
name from its situation near the north pole, and from ! 
its constant visibility in our unclouded night sky, | 
I because the polar regions are the haunts of the In^ar, an animal which neither makes 
I extensive j<mrneys nor rapid marelies. It is singular that the Iroquois, a savage tribe in 
' the hack settlements of Ameriea, should have designated this rt*gion of the heavens by 
the name which the earliest Arabs of Asia applied to it, the Great Bear — two nations, 
far remote from each other, employing a title whieh is purely arbitrary, as the group of 
i stars exhibits no n*sc»mblancc to tlw animal. The asterism, however, figured as well to 
the aneient eye under the f >rni of a waggon drawn by a team of horses, and the name of 
Charles’s Wain is still its |iopular denomination in some of our rural districts, from the 
; Karl- Wagon, or peasant’s cart of our Gttthic ancestors. Before the invention of time- i 
I pi<*ce.s w hen the peasantry praetisetl star-gazing to ascertain the time of the night, the ' 

I })osition of this eonstellation was their common guide: hence the carrier’s remark in 
Shakspean*, “ An’t be not four by the day. I’ll be hanged, Charles’s Wain is over the 
new chimney, and yet our horse not packed!” This is also the Helio^ of dasaical 
literature introduml in the ctdebratetl dcsc*ription of the night in the **Argonautics:** — 
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** Night on the earth pour'd darknem ; on the sen 
Thv wakcaome sailor to Orion's star 
And Ilelice turn'd heedful. Sunk to r«at» 

The traveller forgot his toil : his charge 
The sentinel ; her death-devoted habe 
The mother's painleu breast. The village dog 
Had ceas'd his troublous bay. Each busy tumult 
Was hush'd at tliat dead hour ; and darkneaa slept* 

Lock'd in the arms of silence, ^e alone* 

Medea, slept not." 

As Ursa Mi^or is always above the horizon of Europe, it has been an objed of nniveml 

i observation to its inhabitants in all ages of the world, and is famUlarfy luiowtt to those 

I who take no interest in astronomy by three stars which form a tMangle Ja Ail aad 

i four a quadrangle in the body of the Bear. Ck>mmencing with Ae foimeiv A# 

I at the tip of the tail is Benetnasch of Ae second magnitude) the aeeond 
j AiidAlioA; and passing to the latter Ae first star at Ae rod of the tdl Is Megraii ^ 

> second below it, ; the third in a borisontal direction* Merak t and the kbdft 
' the latter, Dnbhe, of the first magnitude. By common consent, the two latter stilly Meiak 
an^ Dnbhe, are called Ae Pointers, because an imsginaiy line drawn firom the lower A the 

I upper, and carried on in the same direction, passes almost over Polaris la Ursa 
Minor, a star close to the north polar point of the heavens, from which Hi name 
is derived. It may l>c UM;ful here to state, for Ae purpose of measuring angular i i 
distances in the heavens with the eye, that the space between the Pointers may I j 
be approximately considered 5% and iH'tww^n the Pointers and the pole-star, 29®. | ' 
The direction merely of the polar star is exhibited in the diagram, and not the j ' 
distance. Ursa Minor has no conspicuouM stars, nor any thing remarkable in Its ! I 
ap{>earance ; but from the im(H>rtant service rendered by its position to naviga* | ■ 
tion and surveying, it has engrossed more of the serious attention of mankind | i 
than any other constellation in the skies. Polaris is a star between the second | 
and third inugnitude. It ap)MMirs stationary during the apparent daily revolu- 
tion of the sphere, the rest of the stars in the nsterism making a complete swing 
round it every twenty-four hours, as in the diagram. The pole,-star is not, however, | 

the true {K»lar pt»int, hut at present ulamt l** 32' fn»in it, a distance which will be lessened I 

: down to 26' 30" about the year 21(X). At the time when the Chaldean shepherds watched 
the heavens, a star in Draco, now 24” 32' from the jmlar )M)int, was within 10' of it, 
and was consequently the )»ole-stur of that era. The proximity of Polaris to that point 
in the heavens which is directly op|s>site the north p<de of the earth, enables Ae mariners 

^ un<l travellers in the riorthem hemisphere with 
j fa< ility to find tlii ir latitude, for the distance of a 
I place from the CH)uaUjr is always equal to the 
j altitude of the pole. The navigator therefore 
I appli<*s his quadrant U» the jxilar star, ascertains 
; its elevation, and aft<*r making allowance for its 
jsdar aberration, he arrives at his latitude. The 
. same advantage is not enjoyed on the other side of 
tlie ec|uator, for the southern heavens lar*k a similar 
stellar guide to the south polar point. In close 
attendance upon the Dinars, the ancients arranged 
the asterisro Arciophylax, the Ih;ar-keeper, other- 
wise called Bootes, the Herdsman, now represented 
J holding in his left hand the least of the two grey- 
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hounds of Hevelius, apparently pursuing Ursa Miyor round the pole of the heavens* 
The fine star Arcturus, of the first magnitude, is in this constellation, once supposed to 
be the nearest to the earth of the stellar host, but without authotity. 

Of the stars of the southern hemisphere, only a portion of course are visible to us, but 
these are by far the most important, and constitute the finest stellar objects upon which 
we gaze. There is the beautifully splendid Orion, visible to all the habitable world, be- 
cause the equinoctial passes through the middle of the constellation, and when on the 

meridian with us, we have at the same time the most 
remarkable asterisms in the firmament above the 
horizon. The outline of Orion is very distinctly 
marked by four brilliant stars which form a long 
square or parallelogram. The most northerly is 
Betelguew; of the first magnitude ; 7 A® wcstwai^ is 
Bellatrtx of the second; 15° to the south is Rigel, a 
splendid star of the first magnitude; and 8.!° to the 
east is Saiph t»f the third. The two former form 
|: the u[»pcr ends of the parallelogram, and the two 
latter the lower. In the centre are three stars of. the 
sce<»nd magnitude, in a straight line of about 3° in 
length, running from north-west to south-east. 
These form the well-known belt of Orion. The 
uppermost of the triad being less than A° 8<»uth of the equinoctial, is almost exactly verti- 
cal to the e<iuator. South of the Belt, a row of smaller stars running down obliquely 
towards Sai[>h forms the Sword. This fine usterisni, in connection with the groups in its 
neighbourluHMt, constitutes the richest part of the visible heavens. But the ancients 
n»gardcd Orion with fear and trembling, referring to him without ceremony those squalls 
ujmn the det*p which were obsi'rved t(» be j>eriodicul at his rising at certain seasons of 
the year. IlesitHl and Homer, therefore, call him fierce; Virgil connects him with 
storms and tempests ; Horace |K»ints to his severity and turhulenee ; and Polybius divides 
the blame of losing the Roman fleet in tlie first Punic war between the malignity 
of the constellation and the fool -hardiness of the consuls, Ai^neas accounts in this way 
for the storm which cast him on the etiast of Africa when proceeding to Italy: — 



*' 'fi* thm Hhon* wv stfvrM our clfnttn'd 
VVItvu KtuiiiiMt, dirv Orion rous’d the m.*« : 

All cbnric'ii nith row the baleful htar, 

Ami tin our navy pour li hla wat'ry war.” 

Orion has the bright clusters (»f 'raurus giving splendour to his vicinity on the north- 
west; (*nnis Minor with PnH^yoti, a star of the first magnitude, on the east; and Canis 
Mtgor, a little on the stmth-rast. uutwrsally known by the brilliancy of Sirius, the most 
refulgent and {M*rhaps the nearest tihjeet to us in the sidereal heavens. The old Egyptians 
oh)H<!rved the heliat^al ris<* of Sirius, or the appearance of the star in the morning above 
the horizon just Mikrt* the sun, to <H*eur at a period which immediately an teceded the 
annual overfl<»w of the Nile, and siip)H>sing the two coincident events to be physically con- 
j nwted, the d<ig-star was nih>refl os the author of the fertility of their country* To the 
i (tnvka, his heliac*al rising taking pla(*e at the most sultry time of the year, when 
: discast* was rife, stH^med to authorise* a reference of all the plagues of the season to bis is- 
! fiuence. Hence the description of 

i *• the *»ar 

*1 Aututnnsl — of all «urs, in dead of night 

Cont|)ieuou« tmHt, and warn’d Ortem’a dog — 
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Brightest it thinesy but ominous and dire 

Disease portends to miserable man.’* I 

South-east of Canis Major is thcBsterism of the ship Argo, in which Canopus shines, the ' 
second of the stars in point of lustre, but invisible to all parts of the earth of higher i 
latitude than the southern coast of the Mediterranean. An observer in the northern 
hemisphere can only see the stars as many degrees south of the equinoctial in the 
southern hemisphere as his own latitude lacks of 90^, AH whose southern declination is 
greater never reach liis horizon. 

Among the stars of the south with which the stay-at-home Europeans are only 
acquainted by report, the constellation of the Cross is described as pre-eminent — the most 
interesting oliject in tlie sky of that hemisphere on account of the tissociations connected 
with it by a Christianised imagination. It consists of four bright stars, to which the 
fiiiK’y rea<lily gives a cruciform shape, the upper and lower being the [loiiiters to the j 
south [»ole. Von Spix and Martins, in their travels in i 
I llmzil, reqiark: — “On the 15th of thine, in lat. 14^^ (>'45'", 
j we iKdield for tin' first time that glorious constellation of 
1 tin' s<Mitliern !ieuveiis» the (Voss, which is Jo navigators a 
I token of pf'uce, and, aeconliiig to its |K>sition, indicates the 
I hours of the night. We had h»ng wished for this con- 
stellation, as a guide to the other hemisphere ; we then*foro 
j felt inexpri'Hsilde plea'^ure when we perceived it in the 
resplendent tiriiiunient. We all eoi)tem|>lated it with 
feelings of profound devotion um a type of* salvation ; hut 
^ the mind was espeeiiiUy I'levuted at the sight of it by the 
ret1e<'tion. that even into the region which this iM'uiitiful 
eonstellati(»n illumines, under tin* sigiiitleatit name of the 
C’ross, the Etirofn'iiii has c'lirried the noblest attributes of 
' ('hristiiinity, and, imjM'lIed by the most exaltCHl fcH'lings, 
endeavours to spread ibeiii more and more extensively in the r<*motest regions,** 
llumboblt uIjhi refers to his first view <»f this eonsfelhition with {WH'ulitir feeling : “ We 
saw distinctly, for the first time,” he obmTves, “Me CroMM of the »SV»wM, on the night 
of the fourth and fifth (if tlnly, in the sixteenth degree of latitude; it was strongly ; 
iacline<h and apiwared from time to tiim* l>«'twei*ii tlie cloinls, tlie rentn» of which, ; 
furrowMl by un<'ondeiisi*«l lightnings, reflected u silver light. The }ileasure felt on | 
disc'overing the Siuthern CVoss was warmly shared by sui'h of them'W as had lived in the 
colonies. In the solitude of lh<* seas we hail a star iis a friend, from whom W'e have been 
long separateil. Among the Tortiiguese ami the S|»iiniiirds jH'^'uliar motives soem to 
increase this feeling; a religious senlimeiit attaidies them to a coiinU'Uaiioti, the form of 
which recals the sign of the faith plaiib**! by their aneirstors in tin* desc'rts of the New 
World. 'J'he two great stars which mark the summit and the foot of the Cross have 
nearly the same right asc<*iisi<jii ; it hdlows that the eonstellution is almost |M'rfKrrulieular 
at the moment when it passifs the meridian. 'J'his eireumstaiice is known to every 
nation that live* beyond the tropics or in the southern hemisphere. It is known at what 
hour of thie night, in different wasons, the Southern Cross is cTeet, or inclined. It ia a 
timepiece, that advances very reguhirly nearly four minutes a <Uy ; and no other group of 
stars exhibits to the nake<l eye an obsi'^vation of time so easily made. How often luive 
we heard our guides exclaim in the savannas of Venezuela, or in the deserts extending 1 
from Lima to Truxillo, * Midnight is past, tlie Cross la*gins to lamd ! ’ How often these • 
words remindi'd ns of that alfe^'ting M;eiH% wlurre Paul and Virginia, seated near the 
soiin'c of the river of I^daiiiers, conversed together for the last time ; and when the old i 
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xnaa, at the sight of the Southern Cross, warns them that it is time to separate ! ** Mrs. 
Hemaas has entered into the feeling here described, and sung of the Southern Cross in 
the spirit of a settler in the New World from old Spain : — 


** But to thee, an thy lode-stars reiplendently burn 
In their clear depths of blue, with devotion I turn 
Bright Cross of the South I and beholding thee shine, 

Scarce regret the loved land of the olive and vine. 

Thou recallest the age when first o*er the main 
My fathers unfolded the ensign of Spain, 

And planted their faith in the regions that see 
Its unperishing symbol emblazon’d in thee. 

Shine on — my own land in a far distant spot, 

And the stars of thy sphere can enlighten it not. 

And the eyes that I love, tho* e’en how they may be 
O’er the firmament wandering, can gaze not on thee I 

But thou to my thoughts art a pure blazing shrine, 

A fount of bright hopes and of visions divine ; 

And my soul, like an eagle exulting and free. 

Soars high o’er the Andes to mingle with thee ! ” 

To examine the stars hid by southern declination from our view, European astronomers 
have frequently visited localities beyond the equator, and two observatories, at Para- 
matta in New South Wales, and the Cape of Good Hope, are now sustained at the 
national expense. Sir John llersidiel, upon returning from the latter in 1838, in 
addressing an assembly held to commemorate his successful enterprise, stated : — I 
believe there is scarcely a corner in that part of the southern sky which I have not twice 
searched over, with almost the power of a microscope ; and it may easily be supposed, in 
the course of a rummage of that kind, what an extraordinary turn out there must have 
been, and what numerous objects wortliy of attention must have shewn themselves ; and 
often have I longed for some of those keen star-gazing eyes which I see now directed 
upon me. I need hardly say any thing on the subject of the southern constellations. They 
are extremely superb things.” 

To know the heavens at night so as to recognise the principal constellations and stars 
visible in our hemisphere — the first step of the tyro — seems at first a difficult under- 
taking. But a little practice, with the aid of good celestial charts, will soon make him 
feel at home in a cruise along the firmament. After becoming acquainted with the more 
remarkable groups, and their chief constituents, these will serve as an index to those that 
ore less conspicuous. The maps accompanying this work, with the directions connected 
with them, will supply every requisite help for the purpose. In addition to this, the 
following tabular statement of the culminating of the principal stars, on the first of 
January, may be of service^ The approximate time may be found for the first of February 
by subtracting two hours, and so on through the year. A star is said to culmmate when 
it comes to the meridian, an imaginary line extending from the north to the south 
horiaon, passing through the pole and the zenith. Its meridian passage is therefore its 
highest point in tho heavens. The time is reckoned from mid-day to mid-day, and will 
suit to a few seconds for several years to come. The number of hours to the meridian 
subtracted from the time of culmination and added to it, gives the time of rising and 
setting : — 
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SUr«. 

Constellations. 

Maani- 

tUOM. 

Culmination, Jan. 1. 

Hours to 
Meridian. 

Point of Rising. 

Point of Setting. 

Aldebaran 

Taurus 

1 

9h. 

88m, 

n 

E. N. E. 

W.N. W. 

Hamal 

Aries 

3 

7 

10 

H 

N. E. bv E. 

N. W. by W. 

Rigel 

Orion 

1 

10 

18 

51 

E. by S.‘lS. 

W. by S. 1 8. 

Betelguece 

Orion 

1 

10 

58 


E by N. 

W. by W. 

Sirius 

Canis Major 

1 

11 

49 


E. S. E.IS. 

w.s.w.«s. 

Procyon 

Canis Minor 

1 

12 

42 

64 

E.«N. 

W.|N. 

Pollux 

Gemini 

2 

12 

47 

9 

N.E. 4 N. 

N. W.IN. 

Regulus 

Leo 

1 

15 

11 

n 

E.N.E. 

W. N. W. 

Denebola 

Leo 

2 

16 

51 

74 

E. N.E.JN. 

W. N. W.iN. 

Spica Virginis 

Virgo 

1 

18 

27 

5 

E. bv S.1S. 

W. by S.iS. 

Arcturus 

Bootes 

1 

19 

18 

n 

N. E. by E. 

N. W. by W. 

Antores 

Scorpio 

1 

21 

29 


S E. 

S. W. 

Fomalhaut 

Piscis Australis 

1 

4 

1 

24 

S. E. by S. 

S. W. by S. 

Polaris 

Ursa Minor 


6 

14 


Circumpolar. 

Schedir 

Cassiopeia 

3 

5 

44 




Mirfak 

Perseus 

n 

8 

25 


„ 


Capella 

Auriga 


10 

16 


»* 


Dublie 

Ursa Major 

n 

16 

4 


«» 


Cor Caroli 

Canes Venat 

24 

17 

59 


»* 


Alwaid 

Draco 

2 

22 

36 




Etamin 

Draco 

2 

23 

2 




Vega 

Lyra 

1 

23 

41 




Deiieh 

Cygnus 

I 

1 

49 




Ahleramin 

Cepheus 

s 

2 

28 




Benetnasch 

Ursa Major 


18 

51 





The best time for a survey of the lieavcns is duriii" tlu* lon^ nights of winter in the 
absence of the moon ; but in seeking to find his way among tin? stars by the aid of a 
celestial chart or globe, the student must bear in mind, that while their relative positions 
and distances are given, the constellations are continually varying their direction by 
reason of the apparent revolution of the sphere, after the inanmT of Ursa Minor swinging 
round Polaris, ns represented in a previous diagram. By alignment, or drawing 
imaginary lines from star to star, forming a variety of geometrical figures, a general 
knowledge of them may be speedily acquired. Having become acquainU^d with the seven 
stars which compose the triangle and siinare of Ursa Major, his circumpolar neighlmurs 
are readily found by this metluxl. Thus, while a straight line through the side of the 
square formed by the Pointers leads to Polaris, another through the top of the square 
inverse to the triangle leads to Capelin, and from the first star of the triangle nearest the 
square a line carried through Polaris conducts to the bright cluster of Cassiopeia. From 
Capella a direct line through Polaris passes to the two stars Alwaid and Etamin in the 
head of Draco. Through the side of the square opposite the Pointers a line continued 
southward conducts to Regulus, east of which is Denelndn, the two principal stars in L(;o. 
Dcnebola forms an extensive square, with Cor Caroli occupying the northern point, 
Arcturus the eastern, and Spica Virginis the southern, in the interior of which is a 
cluster of small stars, the Coma Berenices of Tycho Brahe. The line joining Arcturus 
and Spica Virginis is also the base of a conspicuous triangle, of which An tares in Scorpio 
is the vertex to the east; and a large right-angled triangle is very nearly formed by 
Arcturus, Polaris, and Vega. Another remarkable figure, called the great square of 
Pegasus, is composed by the four leading stars in that constellation. Every one is familiar 
with the belt of Orion. A straight line drawn through it northerly lea^ls to Aldebaran, 
and southerly to Sirius. The star north-east of the belt, Betelgeusf, forms a triangle, 
with Pollux at the northern, and Procyon at the eastern point. By the practice of align- 
ment, guided by a good map, the leading objects of the firmament will soon be recognised. 
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not iS 'ftBj costly bbsenratory necessary in order to cultivate a more intimate acquaint- 
ance. Vergttson sought fellowship with the stars lying on his back in the fields when a 
ihajpherd boy, and measured their relative distances by means of beads upon a thread. 
Harding discovered one of the asteroids from the house-top. Upon the bridge of Prague, 
wUeh now spans, the Moldau with its sixteen arches, Kepplcr was accustomed to watch 
the stars ; and LaUnde, in his old age, often took his station upon the Pont Neuf, for the 
same purpose, ready to accommodate a passing Parisian with a peep at Algol. 


CHAPTER VIII. 

NUMBER, DISTANCE, AND MAGNITUDE OF STARS. 

FIE prevailing ideas of men concerning the multitude of the stars, 
though founded upon wrong premises, are yet in harmony with 
the literal fact, for the conclusion drawn from the hasty obser- 
vation of the eye, which a persevering survey would at once 
disprove, is itself established by telescopic examination. So 
enormous is the number of the stars, yet so completely incalcu- 
lable are they, as to admit of their being joined with the sand upon 
the sea-shore, as a figure of speech denoting a numeration which 
we cannot define. The common phrase of the Sacred Volume, 
the hosts of heaven, alludes to their multitude ; and the fact is 
advanced as an illustration of the infinite grasp of the Creator’s 
mind, that he is acquainted minutely with these multitudinous 
worlds, which immeasurably exceed our utmost estimates. He calleth them all by 
names by the greatness of his might, for that he is strong in power; not one faileth.” The 
earliest catalogue of the stars, that of Ptolemy, enumerates only 1,022 : that of Ulugh 
Beigh, the grandson of Tamerlane, made at Samarcond, contains 1,017 ; but a comparison 
of the ancient with modern catalogues exhibits a striking dilference in the assigned 
richness of the asterisms, of which a few samples may be advanced. 



Ptolemy. 

T)xho Brahe. 

Heveliui. 

Flamttesd. 


Bode. 

Aries - 

- 1 8 sUrs. 

21 Btara. 

27 sUrs. 

66 stars. 


148 stars. 

Ursa M^jor 

- 35 

5(5 

73 

87 


338 

Bootes 

- 23 

28 

52 

54 


319 

I.eo - 

- 35 

HO 

50 

95 


.337 

Virgo 

- 32 

39 

50 

110 


411 

Taurus 

. 44 

43 

51 

141 


394 

Orion 

- 38 

G2 

62 

78 


304 


Upwards of two thousand stars have however been counted within the trapezium or un- 
equal square of Orion, and the telescope multiplies them in the heavens without end, 
revealing pmnts of light profusely distributed throughout all space, every point a sun 
attended probably by a train of planets, a reasonable inference from the constitution of 
the solar universe. Lalande in the last century registered the positions of fifty thousand, 
the various astronomers of Eurot>e upwards of a hundred thousand, and Struve alone has 
since observed no less than a hundred and twenty thousand stars. But this is only a 
feeble approximation to the whole amount within telescopic range^ which a moderate com- 
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putation gives at 100,000,000, a number from which, if our globe and system were stricken 
they would no more be . missed than a unit taken from 

- ** the autumnal leaves that strew the brooks 

In Vallambrosa.** ^ 

There are several parts of the firmament in which stars appear to the naked eye closely 
packed together, and others which present a general indivisible luminosity to the unas- 
sisted vision. The chief of these are the Pleiades, Hyades, the Milky Way, and Presepe. 
The latter is a region faintly gleaming in the sombre districts of Cancer, which may be 

€ ily found by running a line through Castor and Pollux and continuing it to the south- 
t about three times the distance between those stars. The ancients were acquainted 
with Presepe, a speck of light which they supposed to be the general effect of three stars, 
as it is not resolvable into component parts by the unaided gaze ; but Galileo with his 
imperfect means discovered it to be a congress of thirty- six. The Hyades appear to 
consist of five stars, but between thirty and forty are readily discernible under a moderate 
instrumental power. The Pleiades also yield a similar result, their optical number, six 
or seven, being largely multiplied by the application of a telescope. The constituents of 
the group are thus stated in modern catalogues : — 

Kepplur - - 32 ntarji. Hook - *78 

De la Hire - - ft'4 KIteita - - 118 

But the cluster easily resolves into about forty constituents. Of the Milky Way the 
Roman poet wrote, as the path leading to great Jupiter’s abode, whose “groundwork is of 
stars.” Milton, likewise, speaks of that “ broad and ample road, whose dust is gold, and 
pavement stars.” Tliese poetical conceptions be<!ome verities when an instrument suf- 
ficiently powerful is directed to the zone in question. It is finind to be composed of stars 
which assume the appearance of a tortuous consecutive girdle of light, owing to their 
grouping and distance. Some idea may be formed of their prof usencss from the fact that 
Herschel was led to the conclusion, wlicn examining this wonderful region, that in some 
parts of it no less than fifty thousand were included within a zone two di^grees in breadth, 
which passed under his review in a single hour’s observation. Yet this is but a 8j)ecimen 
of countless combinations which are discoverable in tiic concavity of the heavens, so 
remote from us as to escape the observation of the eye, yet recognisiid by its aided vision, 
forming clusters of various shapes, us rich in stars as the zone which we can analyse 
proves to be. 

That luminous celestial highway which the Greeks called the Galaxy, and the Romans 
the Via Lactea, from its whiteness, is more or less visible at all seasons of the year ; but 
in northern latitudes it is seen to the best advantage in the interval between the close of : 
July and the beginning of Novc.mber. It varies in breadth from four to eighteen [ 
degrees, and also in brightness, l>eing most resplendent in tlie southern hemisphere, about ! 
the constellations Argo Navis, Robur Carolinum, and the Cross. “ The general aspect,” j 
says Sir John Herschel, “ of the southern circumpolar region, including in that expres- j 
I sion 60® or 70®, is in a high degree rich and magnificent, owing to the suj)crior brilliancy 
I and larger development of the Milky Way ; wliich from the constellation of Orion to that 
i of Antinous, is in a blaze of light, strangely interrupted, however, with vacant and almost 
j starless patches, especially in Scorpio near a Centauri and the Cross ; while to the north 
I it fades away pale and dim, and is in comparison hardly traceable.” This vast zone is a 
I sensible annulus in the heavens, and most probably really of that shape. It passes from 
I the head of Cepheus about 30® from the North Pole, through Cassiopeia, nearly covering 
* Perseus, over part of Auriga, and crossing the ecliptic between the feet of Gemini and the 
horns of Taurus, proceeds over the equinoctial into the southern hemisphere to within 20® 
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vi the South Pole. It then takes a northerly direction, and divides into two branches 
before again passing the ecliptic into the northern hemisphere. The eastern branch 
streams over the bow of Sagittarius, through Aquila and part of Cygnus. The western 
branch passes over the tail ^ Scorpio, the right side of Ophiucus to Cygnus. The two 
branches unite in that conMRlation, and past on to Cepheus, the point from whence we 
started, where the stream has its greatest breadth for a considerable space. 

By some of the pagan philosophers the Via Lactea was regarded as an old disus^^t]^ 
cif the sun, of which he had got tired, or from which he had been driven^ and ha4 lel^ 
some fiunt impression of his glorious presence upon it. Its stellar composition 
^owofer suspected long before it was proved, but its multitudinous host of stars remain||| 
n secret tlH Herachel turned his mighty instrument at Slough upon the silvery bdt. InV 

single spot he counted between five and wt 
hundred without moving Ms telescope ; and 
in a space of the zone not more extensive 
than 10° long by wide, be computed 
that there were no fewer than 258,000. 

What Omnipotence I ** was the involuntary 
exclamation of Schroeter of Lilienthal, upon 
examining a part of the same magnificent 
girdle. It is not easy to convey to popular 
apprehension the opinion generally held by 
astronomers respecting the cause of this 
singular and lucid tract, but the following 
statement will perhaps be sufficiently intel- 
ligible. It is conceived on good grounds 
that all the stars in the universe are ar- 
ranged in clusters or groups, each of which 
may have millions of constituents, and that 
the Milky Way is the remote and elongated 
part of our cluster or group, to which all 
the visible stars belong, forming one of many thousands of starry schemes or nebulee which 
the firmament exhibits, as we shall hereafter see. It is a fair supposition, that stars which 
are classed as belonging to the inferior orders of magnitude only appear to be so generally 
because of their greater distance. Now it is observable, that those of the superior magni- 
tudes are pretty equally distributed through the sky, and those of the inferior appear in 
crowds towards the margin of the Milky Way, while that zone is plainly demonstrated to 
be an enormous aggregation of the smaller sizes. The theory has therefore presented 
itself, that the stars of our firmament are the constituents of a layer, comparatively t/iin, 
but extended to an immense distance, somewhat after the semblance of the top of a round 
table, to use a homely illustration, or a millstone, or a cheese, the thickness of which is 
vastly surpassed by its diameter. If our position therefore is towards the central regions 
of this layer, we shall obviously see a great gathering of stars, agglomerated into one 
mass, looking towards the circumference, forming an appearance answerable to that of the 
Milky Way ; but looking along the surfaces of the layer, we shall see a far lesser number 
of stars, appearing also more distinct and scattered, answering to the aspect of the other 
parts of the heavens. Supposing likewise the layer, on one side, to be split down the 
middle, the appearance in that direction will be that of the Milky Way, divided through 
a certain extent into two branches. The diagram may help to illustrate this view of 
the architecture of the visible stellar universe, and our own place in it, occupying a 
space in the neighbourhood of the sun at S. Sir John Herschel, after visiting the 
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southern hemisphere, struck with the superior brilliancy of that part of the Milky Way 

which traverses the southern sky, 


remarks: — “1 think it is iin^ws- 
sible to view this splendid zone, 
with the astonishingly rich and 
evenly distributed fringe of stars of 
the third and fourth magnitudes, 
which form a broad skirt to its 
southern bmrder like a vast curtain, 
without an impression, amounting 
to a conviction, that the Milky Way 
iq not a mere stratum, but an an- 
nulus; or at least that our system 
I is placed within one of the poorer 
I and almost vacant parts of its gene- 
I ral mass, and that eccentrically, so 
ns to be much nearer to the parts 
about the Cross than to that diame- 
trically OJ»[K)8cd to it.” 

Though the whole numlxT of 
stars which the naked eye discerns 
on an ordinary night is small, yet, 
halving the (aaninoii haunts of men, 
and gazing upon the celestial vault 
at a high elevation in the atmo- 
sphere, larg(‘ly improves the nppeur- 
uiKMi of old iiiinilmr stellar fiux's, and 
many arc caught sight of which 
were heforc wholly invisilde. Visit- 
ing the [x'ukH of lofty iriountuins, | 
the unaided eye of the adventurer who is there at night foriiiH fresh aequaiiitunces 
among the stars, and its friends of long standing glitter witli a brilliance which the 
denser regions of the atmosphere render obscure to the dwellws Ik*Iow. The son ol 
Marshal Ney remarks, in a personal narrative (»!' the ascent of t)ne of the Pyrenean 
summits: — “How glorious were the heavens on that night! Ye who have never 
bivouacked on the Cardal know not what a line night is.” Prydone observes of tlie top 
of Mount Ktna : — “ Wc had now time to pay our adorations in a silent eontfuiiplation of 
the sublime objects of nature. The sky was eleur, and the immense vault of the beav<*Ms 
appeared in awful majesty and sfdemhMir. Wv. found ourselves more struek with 
veneration than below, and at lirst wen* at a loss to know the causes ; till we ohM<*rved, 
with astonishment, that the mnnl»er cd’ >tars seeme<l to Ix^ infmitedy increased, atid the 
light of each of thei/i appeared brighter tliuii usual. J'he wliite.m*Ks of the Milky Way 
was like a pure flame that shot across the heavens, and with the naked eye we could 
observe clusters of stars that were invisilde in the regions below. W(^ did not at first 
attend to the cause, nor recollect that w(!: hml now passed through ten or tw<dve thousand 
f(3et of gross vajxjur, that blunts and eruifiises vvv.ry ray Ixffore, it reaches the surface ol 
the earth. Wc w'ere amazed at the distinctness of vision, and excluiined togetlier, ‘What 
: a glorious situation for an observatory ! Had Kmpedocles jxissessed tbe i^es of (jalilc>o, 

; what discoveries must lie not have made? ! ’ We regretted that Jupiter was not visible, as 
I 1 am persuaded we might have discovered some of bis satellites with the naked eye, or at 
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least with a small glass which I had in my pocket.” “ Surely,” be adds ift another, 
passage, the situation alone is enough to inspire philosopky.” 

To measure the distance of the stars, is a task which lias baffled the ablest men, armed 
with the best instruments for the purpose, and using them with the utmost nicety and 
perseverance. Until our own day, the conclusion arrived at had only been negative. It could 
merely be demonstrated, that the nearest of these bodies must at the least be removed from 
us a certain space, the extent of which requires the billions of our arithmetic to express. It 
is clearly ascertainable, that the enormous interval intervening between us and that remote 
wanderer in otir system, Uranus, is but a narrow chasm compared with the interval 
between liim and the most contiguous of the stellar orbs. On observing the same star, 
lying in the jdane of the earth’s orbit, from the two extremities of the orbit, at the end of 
six months, no ])erceptible alteration in the apparent size of the star can be discerned, 
notwithstanding this vast change of situation. The inference therefore is, that the 
diameter of the eartli’s orbit, the immense line of 190 millions of miles, bears no sensible 
proportion to the real distance of the stars. But another method adopted to measure the 
great gulf, and most laboriously ]»ursued for upwards of a century, has been the de- 
tection, if possible, of an annual i)nrallax of the stars, or apparent change of place 
caused by being viewed from oj>posite extremities of the earth’s orbit. All the planets, 
ev(ui the ifciiiotest, appear in very different places when viewed at the vernal and au- 
tumnal equinoxes, or at any two extreme points of our globe’s path ; and if the angle 
subtended be given, the distance may be calculated. But no parallax of a star amounting 
(•ven to a single second has been detected, and Bradley makes the observation, which Sir 
»]ohn llerschel confirms, that if such an amount of parallax existed, it could not possibly 
have escaped notice. Supposing, however, a parallax of one second perceptible, that, 
by the rules of trigonometry, would give a distance from us of more than 19 billions of 
miles ; but ns there is no such quantity detectible, there is no star lying within that | 
range — they all lie beyond it ! 

Parallax is the apparent change of place which an object undergoes through an 
observer shifting his own position. The traveller in journeying marks a great change in 
the same scenery, in the disposition of its various features, by the alteration of his own 
point of view, lie observes the trc'cs, fields, and hedgerows, which appeared in a direct lino 
between him and some distant bill, at one. station, making an angle with the eminence 
as mvw from another station. Suppt»se we stand at o, and have two trees before us in 

the direct line a b c, both will be 
projected to the same point rf, but 
if we shift our position to c, then 
the nearest tree will be seen in the 
direction /, and the farthest in the 
direction g. By measuring the base 
line a e, and the angles a b e, and 
fl c c, or the parallax, the mathema- 
tician readily arrives at the distance 

of the trees from the ]»oints of observation. Now, with reference to estimating the I 
distanct^s of the stars, we have the diameter of the earth’s orbit as a capital base 
line to work upon, a real change of place occurring annually on our part in relation 
to them amounting to UK) millions of miles. Yet, notwithstanding this vast alteration 
of position, no angle of the value of a second, has been found with certainty in the 
case of any star. 

The diagram now subjoined, exhibits the earth at two extreme points of its orbit 
Let the reader keep in mind the UK) millions of miles betw^een those points, and 




NUMBER, DISTANCE, AND MAGNITUDE OF STARS. 


163 


then he may form some idea of the awful gulf between us and the stars, from the 

fact, that the triangle formed by lines 
jmf drawn from the extremes of the orbit to 

/ I \ a star at tlie vertex, has defied tlie most 

I I j perfect instruments of Iiuman invention to 

Y i y measure, so inappreciable is it. Supposing 

■■ the whole of that orbit filled with a globe 

resplemient as the sun, it would have a cir- 
cumference of 600 millions of miles, and yet have only the appearance of a twinkling 
atom as seen from the nearest of' tlie stars. 

Previous to the determinations of Newton, the discovery of an annual parallax of the 
stars was a jmint of great interest in order to confirm the Copcrnicaii doctrine of the 
earth’s motion in space. Tliough not so important on that ground now, it is an object 
which modern astronomers have pursucMi with great zeal, though not wdth success until 
our own time. Dr. Brinkley, the Bishop of Cloytie, conceived that he had succeeded in 
the case of a Lyne, the star Vega of the first mugnitude in that constellation ; but iniproved 
instruments have lessened the amount of parallax he assigned, and' Mr. Airy has pro- 
nounced it too small to be sensible. The grand problem of stellar remoteness has 
however been solved by Professor Bessel, and has bee*n justly called a magnific(‘nt 
conquest. 

Bessel commenced this great achievement in the month of S<*ptember 18i34, at 
Konigsl>erg, and w^as em[)loyed upon it during the four following years, communieuting 
the. result in a letter to Sir John llerscbel in 1838. “At’bu* so many unsuccessful 
attempts to determine the annual parallax of a fixed star,” hi^ remarks, “ 1 thought it 
worth while to try what might be accomplished by means of tlu^ accuracy whi(?h my 
great Fraunhofer heliomcter gives to the observations. 1 undertook to make this in- 
vestigation upon the star 61 Cf/f/ui, which by reason of its gn*at jjroper motion, is perhaps 
the best of all, which affords the advantage of being a double star, and on that ac(!ount 
may be observcnl with greater accuracy, and which is so luiar the pole, that, with the 
exception of a small part (»f the year, it can alw ays be observed at night at a sutlieient 
distance from the horizon.” This star, now one of the most interesting in the heavens, 
is in the right wing of the Swan, about 7 A® S. by K. of Dened, a second class star in 
that constellation. It is of the fifth magnitude, and in our latitude passcfs the meridian 
near the zenith. As intimattMl in the preceding extract, 61 Cygni has long la^en known 
by a motion of its own in space, so extraordinary, independent of that which its constitu- 
ents may have about each other, that Arago supposes its velocity to exceed that of 
Mercury, the most rapid Imdy of the solar system, sixty thousand times. In watching this 
star, Bessel commonly took obstTvations sixteen times every night. Without detailing 
the course he pursueil, which would be uninteresting and unintelligible to most Headers, 
it will be sufficient to state, that our Astronomical Society testified its confidence in his 
researches and their result, by awarding to him its gold medal, llis determination of 
the annual parallax of the star is 0'''* 3136, or somewhat less than (me third <if a sexjorid, 
which places it from us at the astonishing distanec of 6*57,700 times the radius of the 
earth’s orbit, or nearly 62^ hilliong of miles. To aid the imagination in forming some 
idea of this interval, it may be stated, that the conflagration of the star would not be 
announced to us under a period of ten years, for a ray of light, which darts to Us from 
the sun in eight minutes, would require that time to travel through the space between iis 
and it. As to that standing example of velocity in terrene regions, a cannon ball, with 
its rush of five hundred miles an hour, it must lie allowed to travel some fourteen millions 
of years to compass such a space. One delicate thread of a spider’s web, placed before the 
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eye of a spectator at 61 Cygni, would hide from his view the whole orbit of the earth; 
and a single hair would conceal the entire solar universe ! The remark of Huygens is a 
sober speculation, that there may be worlds in the immensity of space, which have been 
long created, whose light, owing to their distance, has not yet reached our globe, though 
still destined to come within range of the eye. 

** How distant sotne of the nocturnal suns ! 

8u dintiint, nays the sage, ’twere not absurd 

'Jo doubt« if beams, set out at Nature's birth, 

Are yet arriv'd at Uiis so foreign world ; 

Tliuugli nothing half so rapid as their flight.*’ 

However marvellous the statement, it is strictly true, that when we gaze upon the 
heavens, ol)S(;rve the stars, and note down their positions, wc are witnessing and chro- 
nicling their aj»f)earanees in by -gone lime, and not the present aspect of the phenomena. 
The ray that mtxits the ey<i from the nearest sid(ircal object brings intelligence of its 
past estate; and that Past includes years in relation to the front ranks of the stellar 
army, and ages with re8p(*et to the general body. WJien we reflect upon these facts, and 
remember tliat the faint nebulous clusters are far more remote from the distinct stars timn 
they from us — that the light which manifests their presemee now may have left its 
source when tlie 1'udor, Norman, or Saxon race occupied tlie throne — we catch a glimpse 
of the immensity of space, and of the infinity of that Being who originated the great 
government of which it is the scime, and conducts it with such nicety that a sparrow 
fallcth not to the ground without Him. 

Wc have nothing to guide ua resinx^ting tho magnitude of the stars beyond their 
visihility, whcti so vastly remote. I'he planet Saturn is magnified by the telescope larger 
than the moon to the. naked eye, though 900 millions of miles distant ; but instrumental 
jKiwer fails in giving any ap]>reeiable magnitude to the stars. It brings countless 
multitudes into view hid from the unassisted sight ; it makes us sensible of their 
jircKencc ; it increases their brilliaiiey; hut beyond this, it supplies us wdth no informa- 
tion respecting their volume and mass. Halley rcunarked, that “ the diameters of Spica 
Virginis and Aldebaran are so small, that when they happen to immerge behind the dark 
etlge of the tuoon, they are so fur from losing their light gradually, os they must do if 
they wew of any stmsible magnitude, that they vanish at once with all their lustre, and 
emerge likewise in a moment, not small at first, but at once appear with their full light, 
even althongh the emersion happen when very near the cusp, where, if they were four 
seconds in diameter, they would be many seeoiid.s of time in getting entirely separated 
from tlie limb. But the contrary appears to all those w ho have observed the occultations 
of those bright stars.” I’lie largest and most brilliant of the stars, if occulted at tlie dark 
limb of the moon, Sir John llersehel observes, ‘‘ is, as it were, extinguished in mid-air, 
without notice or visible cause for its disappearance, which, as it happens instantaneously, 
and without the slightest previous dimiaiition of its light, is always surprising; and if the 
star be a large and bright one, even startling from its suddenness.” The simple fact of 
the visiliility of the stars across the mighty expanse which we know to exist between them 
and ourselves, necessarily gives us high ideas of their dimensions. Calculations have been 
made, from a comparison of the light of the stars wdth that of the sun, but the result can 
only be regarded as a rude approximation. Let us consider the case of Sirius, the brightest 
in the heavens. The light of Sirius, as determined by Sir John Herschel, is 324 times 
that of an average star of the sixth magnitude. The ratio of his light to that of the sun 
has been calculated by Dr. Wollaston to be as 1 to 20,000,000,000. To diminish the 
light afiforded to us by the sun to that of Sirius, the sun must be removed to 141,400 
times his present distance, or to a distance of 13,433,000,000 miles. But we have seen 
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that no star can be within the range of 19 billions of miles. The fact therefore of Sirius 
being immensely larger than our sun, from the preceding comparison, is at least certain, 
though to what extent we know not. Dr. Wollaston assumes, upon reasonable grounds, 
a much lower limit of possible parallax than that which would give Sirius a computed 
distance of 19 billions of miles ; and hence coneludt*s, that occupying the sun’s j>lac(', 
he would appear 3‘7 times larger, and give 13*8 times more light, or be equal to nearly 
fourteen suns. 

Now we cannot suppose tlie magnificent orb of Sirius to dwell alone. As our smaller 
sun has planets with their satellites circulating round him, rejoicing in his light, it is rea- 
sonable to infer that a much larger globe serves a similar purpose, and is the common 
centre of a more numerous family, refreshed and beautified by the glorious beams that 
emanate from it. The inference holds good with reference to every star, for that all tlie 
stars are suns admits not of a moment’s doubt, and we ai'e justified in attributing to eucli 
its dependent Jupiters and Saturns. Tims wc gain some insight into the ec(»iiomy of ! 
the universe, and gather rational ideas of its iinmcusuruhle amjtlitude — its multitude of ' 
worlds — its countless myriads of sentient beings. Sir John llerschel soberly answers the : 
enquiry : For what purpose are we to suppose sueli iiiagnifieent bodies scattered through i 
the abyss of space ? Surely not to illuminate our nights, which an additioiiul moon of the , 
thousandth part of the size of our own would do much better — not to sparkh? as a pageant j 
void of meaning and reality, and bewilder us among vain conjectures. Usifful, it is true 
they are to man, as points of exact und permanent rereremu? ; but be must have studied 
astronomy to little purpose, who can sup|K»sc man to be the only object of bis Cremator’s I 
care, or who docs not see, in the vast and w'oiidi‘ri'nl apparatus around us, provision for 
other races of animated Ix'ings. The planets derive their light from tlie sun ; hut that 
cannot be the case with the stars. These doubtless, then, are tlimnselves suns, and may ' 
perhaps, each in its sphere, he the jiresiding emitre round which other planets, or bodies 
of which we can form no conception from any analogy oll’ered by our own system, may be i 
circulating.” 

These views are reasonable, elevating, and useful. It is well to become familiar with them. 
Though of the extent and arrangements of timt wondrous fiiliric of which our system ibrnis ' 
one of the minuter parts, it may Ik^ said, that such knowledge is too wonderful for us, yet j 
some measure of intelligence is placed within our reach, and wc may grasp it witli high i 
advantage. He who has read but a few pages of the, magnificent bemk of the universe, and 
has enstamped upon his mind a lively impression of the greatness of that scheme of exist- ; 
cnce with which he is connected, is in eireumstanees to steer clear of* Ihq two extremes ■ 
into which unreflecting humanity is often betrayed, those of arrogant self-importance and 
puling imbecility. Man — the lord of a few acres — while absorbed with bis terrestrial I 
patnmony, is prone to forget the higher duties of life, and to rest content with taking 
part in the pageant of an hour, stepping across his fields in the pride of a B(df-satisfu(;tion i 
at being the proprietor of the scene. Or in other situations — in contact with the grander 
class of terrestrial phenomena - the thunder reverberating among the mountains, the 
lightning playing around their peaks, and the tempest-clouds discharging their torrents — 
he is apt to feel and to display an abject spirit appropriate to the grovelling worm. Uut 
he who possesses a cultivated acquaintance with his true position in the sefieme of the 
creation — that glorious whole of wliich tlie world is but an infinitesimal fiart, yet man 
a member of the intellectual [lart — will have views, which, legitimately usc«l, will be a 
safeguard against self-idolatry and abasement. 
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CHAPTER IX. 


NEW, VAIUABLE, AND COMPOUND STARS. 


"■ijHyjiiEN we compare the present appearance of the sidereal 
^ i lic^avens with the records of former catalogues, some stars 

r fii ^ found now whose places have been registered. 

^ »£ lir - There are four in Hercules, four in Cancer, one in Perseus, 

m Pisces, one in Hydra, one in Orion, and two in 

llcr(*iiice*s Iluir, which have apparently disappeared from 
V *^**^*’‘‘’ formerly mentioned which were 

y marked in the catalogue of Ptolemy, but had been lost in 

'W.l the time of Ulugh Beg, there were six near the Southern 

Fish, which have not been observed since ; and, as four of 
these were of the third magnitude, Bailly concludes that they 
were really visiblt^ in the heavens in the age of Ptolemy, and disappeared in the interval 
between him and the Tartar prince. It is no doubt probable that apparent losses have 
often arisen from mistaken entries ; yet, in many instances it is certain that there is no 
mistake in the observation or entry, and that stars have really been observed, and as really 
have disappeared. A star of the fifth magnitude, 55 Herculis, in the catalogue of Flamstead, 
was particularly observed by Ilerschel in 1781 and 1782 *, but nine years afterwards it was 
gone, nor has it since been seen. Sir .John Ilerschel, in May 1828, missed a star in Virgo, 
inserted in Baron Zuch’s catalogue, and has never been able to j)erceive it. “ There are now 
wanting in the heavens, ’’Montanuri observed in 1670, two stars of the second magnitude, in 
the stern and yard of the ship Argo. I and others observed them' in the year 1664, upon 
occasion of the comet that appeanai that year. When they first disappeared I know not ; 
only I am sun* tliat on the 10th of April, 1668, there was not the least glimpse of them 
to be seen,” 

On the other hand, there are some stars now in the heavens which are supposed to 
have only recently become visible. No entry of them occurs in the catalogues of former 
observers, who have registei-ed objects of inferior magnitude in their neighbourhood, and 
would not therefore have omitted these bad they been present. Thus,’ a star in the head 
of Cepheus, one in (leinini, another in Ecjuuleus, a fourth in Sextantis, a remarkable 
one between /I and ^ Hydras, a sixth in Hercules, and several others, are not given in 
Flnmstead*s catalogue. "J’hese are probably new, ns that most accurate observer of the 
heavens could scarcely have omitted them. Since the year 1826 a star in the nebula of 
Orion has appeared ; and attention has been specially called to it, owing to its having 
started as it were into existence in a situation wdiich apparently strengthens the nebular 
hypothesis. 

In addition to these changes, the occurrence of stars starting into temporary visibility, 
shining with great lustre, and then entirely vanishing, however unaccountable, is so well 
authenticated as to obtain a place in the class of unquestionable phenomena. An instance 
of this kind occurred in the year 389 of our era. In the neighbourhood of Altair, in the 
constellation Aquila, a star suddenly nftpeared, continuing as brilliant as Venus for three 
weeks. Other stellar apparitions are recorded in the years 945 and 1264 ; but the most 
memorable case occurred in 1572, which we liad occasion to notice in tracing the career 
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of Tycho Brahe. The new star, which glowed with great splendour, and eontiniu d visible 
for eighteen months, appeared in Cassiopeia immediately under the scubelliun or chair of 
the Lady. It was first caught siglit of at AVittenilmrg on 
August 6th, seen at Augsburg on the 7th, observed by C\>rms 
lius Gemma on November 9th, and by Tycho on the 1 Itb. It 
formed an irregular square with three of the principal stars of 
the constellation, maintained the same position invariably with 
respect to tliem during tlie wdiole time of its apparititm, ex- 
hibited no sensible parallax, which plainly declared its place 
to he, in the region of the fixed stars. In the diagram, 
the largest star represents the stranger, with Caph to the 
left, Schedir above, and y to the right, composing a trape/aurn. 
To account for the appearance of this novel object, some 
philosophers of the time refernul it to the Kpicun^an doctrine 
of a fortuitous concourse of atoms, whose combination in 
this stellar form was merely one of the endless varieties of ways in wliich they liave 
been arranged. Kej>pler, too enlightened to be attracted by such a worn-out hypothesis 
when advanced upon a 8ubsw|uent occasion, thus alludes to it with his charact(;ristic 
oddity: — “When I was a youth, with plenty of idle tiim* on my hands, I was much 
taken with the vanity, (»f which some grown men arc not ashamed, of making anagrams, 
by transposing the letters of my name written in (livek so ns to make another 
sentence: out of Iworry/c KcTrXi/poc, I made k<i7rr;/\«< (tim tapster of the 

Sirens) ; in Latin, out of lohxnmes Kvplerus camt^ Svrpnts in akuleo (a serpent in his 
sting). But not being satisfied with the. meaning of these words, and ladng unable to 
make another, I trusted the thing to chance, and taking out of a pack of playing cards as 
many as there were letters in the name, wrote one upon eneb, and tb»;n b< gan to sbiifile 
them, and then at each shuffle to read them in the order they came, to sec* if any meaning 
came of it. Now may all the Epicurean gods and g(Khh*sses confound this same chance ! 
which, although I spent a good deal of time over it, never showed me anything like sens*?, 
even at a distance. So I gave up my cards to the JOpicurean Ktcrnity, to be carried away 
into Infinity, and, it is said, tliey are still flying above there in the utmost confusion 
among the atoms, and have never yet eornc to any meaning. I will tell these disputants 
my opponents, not my own ojnnion, but my wile’s. Yesterday, when weary with 
writing, and my mind quite dusty with considcTing these atoms, 1 w'as culled to sup^mr, 
and a salad I liad asked for was set before me. — “It seems then,” said I aloud, “ that if 
pewter dishes, leaves of lettuce, grains of suit, drops of water, vinegar and oil, and slices 
of egg, had been flying about in the air from all eternity, it might at lust iiappen by chance 
that there would come a salad.” “ Yes,” says my wife, “ but not one so nice or well dressed 
as this of mine is.” 

The above arousing extract is taken from one of the treatises of this remarkable man, 
entitled De Stella Nova, a presentation copy of which to our James I. is in the library 
of tlie Britisli Museum. It was written upon a new star which blazed forth in the year 
1604 under somewhat remarkable circumstances. In that year the planets Saturn, Jupiter^ 
and Mars were in conjunction in the three fiery signs Aries, IjCO, and Sagittarius, to use 
the language of astrology, composing the fiery trigon, a phenomenon which occurs about 
once in every eight hundred years. The scene drew Keppler many a night to tlie bridge 
of Prague, his usual place of observation. Towards the close of September he observed 
the three planets, and on the 29th Mars and Jupiter were in conjunction, and that part 
of the heavens was attentively watched, but nothing jieculiar otherwise was observable. 
On the 30th a strange object was seen by his scholars at no great distance from Jupiter^ 
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far surpassing that planet in magnitude and equal to Venus in brilliancy. Owing to 
unfavourable weather at Prague, it was not until the 8th of October that Keppler obtained 
a view of it It ap^teared near the right foot of Serpentarius, exhibited no parallax, 
displayed a variety of colours, and after an apparition of twelve months it vanished from 
the heavens, and has not again been visible. Comparing this new star with its pre* 
decessor, Keppler remarks: — ‘‘Yonder one,*’ referring to that in Cassiopeia, “chose for 
its appearance a time no way remarkable, and came into the world quite unexpectedly, like 
an enemy storming a town, and breaking into the market-place before the citizens are aware 
of his approach ; but ours ” (the new star in Serpentarius) “ has come exactly in the 
year of which astrologers have written so much about the fiery trigon that happens in 
it, just in the month in which (according to Cyprian) Mars comes up to a very perfect 
conjunction with the other two superior planets ; just in the day when Mars has joined 
Jupiter, and just in the place whore this conjunction has taken place. Therefore the 
apparition of this star is not like a secret hostile irruption, as was that of 1572, but the 
spectacle of a public triumph, or the entry of a mighty potentate ; when the couriers ride 
in some time before, to pr(;pare his lodgings, and the crowd of young urchins begin to 
think the time over long to wait ; then roll in, one after another, the ammunition, and 
money, and baggage waggons, and presently the trampling of horse, and the rush of 
people from every side to the streets and windows ; and when the crowd have gazed 
with their jaws all agape at the troop of knights, tlien at last the trumpeters, and archers, 
and lackeys, so distinguish the j^rsori of the monarch, that there is no occasion to 
point him out, but every one cries out of his own accord, ‘ Here we have him V What it 
may portend is hard to determine, and thus much only is certain, that it comes to tell 
mankind either nothing at all, or high and weighty news, quite beyond human sense and 
understanding. It will have an important influence on political and social relations, not 
indeed by its own nature, but as it were accidentally, through the disposition of mankind. 
First, it portends to the booksellers great disturbances and tt»lerablc gains, for almost every 
TheoloyicuSy PhilosophicuSy Medkus, fm^Mathcmaticus^ or wlweverelse, having no laborious 
occupation intrusted to him, seeks his pleasure in studiis, will make particular remarks upon 
it, and will wish to bring these remarks to the light. Just so will others, learned and 
unlearned, wish to know its meaning, iind they will buy the authors wlio profess to tell 
them. I mention these tilings merely by way of example, because, although tJius much 
can be easily predicted without great skill, yet may it happen just as easily, and in the 
same manner, that the vulgar, or whoever else is of easy faith, or, it may be, crazy, may 
wish to exalt liimself into a great prophet ; or it may even happen that some powerful 
lord, who lias good foundation and beginning of great dignities, will he cheered on by 
this phenomenon to venture on some new scheme ; just as if God had set up this star in 
the darkness merely to enlighten them.” 

Another example of a tem}K)rary star appeared in the year 1670. It was observed by 
Hevelius, and by Don Anthelme, on the 20th June, in the head of Cygnus. The last 
instance occurred on the night of April 28, 1848, when Mr. Hind noticed a new star 
in a part of Ophiuchus. It exhibited no change of place, but diminished in brightness, 
and became extinct. 

There are now seven or eight well-attested cases of fixed stars suddenly glowing from 
out the sombre bosom of infinity, shining with great vivacity for an interval, so as to be 
visible even in the day time through the intensity of. their light, then gradually fading 
away, and becoming entirely extinct. We are completely foiled by these apparent tern* 
porary stellar creations. Are they worlds which, having accomplished one cycle of their 
existence, have had their physical structure dissolved by fire, to be remodelled ? Are 
ith^ thus bodies which have lain hid from terrestrial gaze by their remoteness, until 
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some vast* combustion has given them a transient visibility? Worlds and systems of 
worlds,^ says Ma^n Good, “are not only perpetually creating, but also perpetually 
disappearing. It is an extraordinary fact, that within the period of the last century, 
not less than thirteen stars, in different constellations, seem to have totally perished, and 
ten new ones to have been created. In many instances it is unquestionable, that the 
stars themselves, the supposed habitation of other kinds or orders .of intelligent beings, 
together with the different planets by which it is probable they were surrounded, have 
utterly vanished, and the spots which they occupied in the heavens have become blanks ! 
What has befallen other systems, will assuredly befall our own. Of the time and the 
manner we know nothing, but the fact is incontrovertible ; it is foretold by revelation ; 
it is inscribed in the heavens ; it is felt through the earth. Such, then, is the awful and 
daily text; what then ought to be the comment?” The current of thought upon this 
subject, with reference to several eminent men, has run in the same channel. Vince 
remarks The disappearance of some stars may be the destruction of that system at 
the time appointed by the Deity for the probation of its inhabitants ; and the appearance 
of new stars may be the formation of new systems for new races of beings then called 
into existence to adore the works of their Creator.” Laplace likewise observes:-— “As 
to those stars which suddenly shine forth with a very vivid light, and then immediately 
disappear, it is extremely probable that great conflagrations, produced by extraordinary 
causes, take place on their surface. This conjecture is confirmed by their change of 
colour, which is analogous to that presented to us on the earth by those bodies which are 
set on fire and then gradually extinguished.” It has been said, that the existence and 
death of Alexander the Great — the rise and fall of the Roman empire— the destruction, 
by earthquake or volcano, of cities which were once the seats of commerce and the 
arts have been handed down to us upon evidence in no respect whatever better 
entitled to our belief, than that of the astronomical facts to which we have been 
adverting. This is perfectly true ; yet the facts themselves may be widely apart from 
any analogy with such terrestrial occurrences. Wc have choice of another theory, 
on many accounts preferable, though not free from great difficulties. It has been con- 
jectured, that the temporary appearance of stars may be resolvable into a periodical 
translation from the depths of infinite space, to a station which brings them within the 
bounds of our vision. Tlyair sudden and brilliant burst from the dark and distant void, 
upon this supposition, arises from a tremendous velocity ; and their evanescent stay 
within our view, may be caused by one of the narrow extremities of an orbit 

immensely elliptical lying in the direction 
of our system. The diagram represents part 
of this supposed orbit, that which approaches 
our position in the universe. It is further 
conceived, that the temporary stars of 945. 
1264, and 1572 were not different individuals, 
but in reality the same star. This is grounded 
upon the close accordance of the intervals separating the periods. 

From 945 to 15264, 319 years. From 1264 to 1572, 308 years. 



It has been supposed, therefore, that the star has an orbit which it accomplishes m a^ut 
three hundred years. With reference to this hypothesis, it wiU be for the present oentuiy 
to utter a verdict. If it be true, those who live thirty or forty years longer wll see the 
star, upon which Tycho gazed, in his manhood, and Keppler when a. rrtum to rts 
Son in Cassiopeiiagafn to gUtter, to wane, and vanish! In ^rroborat^ rf thi, 
theo^, it should be mentioned, that the stars of 945, 1264, and 1672 appeal. in the 
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same part of the heavens. The chief difficulty which lies in the way of the supposition,; 
that the temporary stars are objects moving in orbits, which display them periodically 
to 110^ is^ that no change of place has been observed during the whole time of apparition. 

Besides cases of apparent stellar creation and complete extinguishment, there are a 
number of stars whose light undergoes a periodical increase and diminution, forming the 
called wridbU, Some retire for a time into absolute invisibility, while others 
merely sufier changes in their brightness, without being absolutely lost to view. 

• The earliest observed example of this class is o Ceti, called dso Stella Mira, or the 
wonderful star, situated in the neck of the Whale. It was first particularly remarked by 
Fabricius, August 13, 1596, when it appeared as a star of the third magnitude, but 
before the end of the year it had retreated entirely from observation. Holward 
remarked it again in 1637, after which it disappeared for nine months, when he again 
saw k. The following are now its general phases, which are gone through in 331 days, 

15 hours, and 7 minutes. When at the greatest 
brightness, it is equal to a star of the second magnitude, 
and remains so fur about a fortnight. It then decreases 
during three months, passes entirely out of sight, con- 
tinues invisible about five months, again comes into 
view, increases during three months, when it attains 
once more its maximum lustre. It does not always, 
however, return to the same degree of brightness, or 
increase and diminish by the same gradations, or in- 
variably remain invisible the same length of time. For 
the four years between October, 1672, and December, 
1676, it was never seen at all, though Hevelius 
searched that part of the heavens diligently for it. On 
the other hand, it was unusually bright October 5, 
1839, as observed by Argelander. The relative posi- 
tion of Stella Mira is shewn in the diagram. 

Algol, the name of the star j8 in Perseus, in the head 
of Medusa, is another remarkable instance of stellar 
mutation. It varies from the second to the fourth degree 
of magnitude. This was determined by Maraldi in 
1694 ; but Mr. Goodricke of York, in 1782, and about 
the same time Palitzch, the Saxon farmer, first accu- 
rately fixed the period of its changes. The star goes 
through its variations in a remarkably short space of 
time : it continues at its brightest two days and four- 
teen hours. Then its splendour suddenly begins to 
diminish, and in three hours and a half it is reduced to 
its minimum. Its feeblest lustre lasts but little more than fifteen minutes. It then 
begins to increase, and in three hours and a lialf more, it is restored to its usual bright- 
ness. Its full period is therefore 2 days, 20 hours, and 48 minutes. The remarkable law 
of variation to Which this star is subject suggested to Gk)odricke the idea of some opaque 
body revolving around it, which, interposing between the earth and the star, cuts off a 
portion of its light Algol may be seen on any fine evening from August to May, as it 
continues above the horizon twenty hours out of the twenty-four. With Algenib in the 
side of Perseus, and Alxnaok in the foot of Andromeda, it forms a triangle, with the open 
part towards Cassiopeia. 

X Cygni was ascertained to be variable, and its period determined by Kirch in 1686. 
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It changes from the sixth to the eleventh degree of magnitude, and consequently at its 
brightest is only visible to the naked eye under favourable circumstances. Halley 
observes respecting it ; — We watched, as the absence of the moon and the clearness of 
the weather would permit, to catch the first beginning of its appearance in a six-foot 
tube : that, bearing a very great aperture, discovers most minute stars. On June the 15th 
last (1715), it was first perceived like one of the very least telescopical stars; but in the 
rest of that month, and in July, it gradually increased, so as to become, in August, visible 
to the naked eye, and so it continued all the month of September. After that, it again 
died away by degrees, and on the 8th of December, at night, was scarcely discernible by 
the tube, and, as near as could be guessed, equal to what it was at its first appearance on 
June 15. ; so that this year it has been seen, in all, near six months, which is but little 
less than half its period, and the middle, and consequently the greatest brightness 
falls about the 10th of September.” Its maximum brightness, however, does not seem to 
be uniform, as, according to Cassini, it was scarcely perceptible in the years 1699, 1700, 
1701, at those periods when it ought to have been most conspicuous. Its cycle consists of 
396 days, 21 hours. 

The most remarkable of the versatile stars in our hemisphere are stated in the following 
table, with their changes of magnitude, and periods of variation ; — 


Stan. 

Periods of Variation. 

Change! of Magnitude. 

Authority. 

0 Cetl (Mira) 

331 days 1 5 hours 

7 min. 

2 to 0 

Herschcl, W. 

jS Persei (Algol) 

2 

20 

48 

2 to 4 

Goodricke. 

71 Antinoi 

7 

4 

15 

.3 to 5 

Pigot. 

X Cygni 

396 

21 

0 

6 to 10 


y Hydrie 

490 

0 

0 

3 to 10 


^ Leonis 


Several years 

6 to 0 


K Sagittarii 


Ditto 


3 to 6 


18 Leonis 

311 

23 

0 

5 to 10 


5 Cephei 

5 

8 

30 

3 to 5 

Goodricke and Pigot. 

/3 Lyras (Shcliak) 

6 

10 

34 

3 to 5 

Goodricke and others. 

1 a Uerculis ( Ras Algati) 

CO 

6 

0 

3 to 4 

Herschel, W. 


There are altogether nearly forty stars ascertained to be variable, and others suspected to 
belong to the class. 

Various conjectutes have been hazarded to account for these cases of periodic stellar 
change. If we suppose the varying brightness of the bodies in question to be caused by 
varying distance, the same hypothesis as that which has been mentioned in connection 
with the temporary stars, it is singular that their position should be wholly unaltered 
during their respective changes. This appears fatal to the idea of orbital motion being 
the cause of their versatile appearance. Another surmise is, that dark bodies revolve 
around these stars, which, periodically intervening between them and us, temporarily cut 
off their light. Mr. Goodricke proposed this theory respecting the star Algol; but it is 
open to the objection that it requires us to assign a magnitude to the revolving body in 
relation to that which must be deemed its primary, which is out of all proportion to that 
which we are led to believe belongs to dependent orbs. The subservient bodies in our 
system are immensely inferior to their primary, the sun, and owing to this, to a distant 
observer of our part of the universe, the transit of the mighty globe of Jupiter across the 
sun’s disk would produce no perceptible effect Our knowledge of planetary motion is 
also adverse to that rigorous uniformity which is so marked a feature of the stellar 
changes. 

It may appear a gratuitous assumption to* take the solar system as a miniature 
picture of others ; but we can only reason concerning what we know not from what we 
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know. Minute white specks appear in the neiglibotirhood of the stars, y Hydros, if 
Geminorum, and i Ursss, which in all likelihood are their encircling planetvS — tributary 
companions -^plainly and vastly inferior, according to the analogy of subservient bodies, 
in our system. Their intervention would have no perceptible effect upon the 
appearance of their primaries to our vision. The most probable hypothesis that has 
yet been proposed to account for the examples before us of stellar changeableness is 
that of axical rotation. The variable stars are supposed to have parts of their surface 
less luminous than the rest, which when presented to us in the course of rotation produce 
the periodical decay of light, and absolute invisibility observable. A variety of circum* 
stances occur to favour this idea. Rotation upon an axis is a law to which every orb is 
subject, with which we are sufficiently acquainted — as the sun, the planets, and their 
satellites. The greatest uniformity marks the execution of the law, and in this it differs 
£rom translation in space. The planets travel in irregular paths and with varying 
V^ecSties in their orbits, but their axical lUotion is uniform. If^ therefore, one bf the 
henltplieres of a rotating body within the sphere of vision should be less luminous than 
the other, periods of decay, obscurity, revival, and vivacity, would be exhibited, of 
occurrence and duration. Now, those who have paid most attention to Solar 
phenomena are of opinion, that besides the sun having variable spots upon his disk, whiclr 
at times have been so numerous and extensive as to impair his orb, there is reason to 
believe the illuminating power of his two hemispheres to be unequal, one being much 
fainter than the other. We may not be sensible of this, because, comparatively situated 
in immediate vicinity to his effulgence ; but, removed to a vast remoteness, his rotatory 
fnotion might constitute him sensibly a variable star to us. Herschel remarks : “ The 
rotary motion of stars upon their axes is a capital feature in their resemblance to the 
sun. It appears to me now, that we cannot refuse to admit such a motion, and that 
indeed it may be as evidently proved as the diurnal motion of the earth. Dark spots, or 
large portions of the surface less luminous than the rest, turned alternately in certain 
directions eitlier towards or from us, will account for all the phenomena of periodical 
changes in the lustre of the stars so satisfactorily, that we certainly need not look out for 
any other cause.*’ 

We now" proceed to notice the Multiple stars — a class unknown until a very recent 
date. Soon after the application of the telescope to the heavens, it was perceived that 
some of those brilliant points, which appear single stars to the naked eye, are in reality 
stellar combinations comprising two or more individuals. But little attention, however, 
was paid to them, and no suspicion entertained of their numerical amount. Dr. Hook, 
referring to y Arietis, states : “ Of this kind, the most remarkable is the star in the left 
horn of Aries, which, whilst I was observing the comet which appeared in the year 1664, 
and followed till he passed by tliis star, I took notice that it consisted of two small stars 
very near together ; a like instance to which I have not else met with in all the heavens.** 
It was reserved for the elder Herschel to detect the richness of the mine, and to take pre- 
cedence in bringing some of its treasures to light. A catalogue of five hundred stars, 
apparently single, but in fact binary, was produced by this distinguished observer, and 
presented to the Royal Society ; and, when he ceased from his labours, his mantle fell i 
upon successors worthy to receive it. The list of conjoined bodies, whose positions and 
relative distances have been accurately determined, now includes a number which ia five 
or six times greater than that which appears in the general stellar catalogue of the ancient 
observers. Sir James South and Sir John Herschel produced a catalogue of 880 multiple 
stars in the year 1824, as the result of their joint labours. This was followed by one of 
480 from South, and another of 3300 from Herschel— the fruits of solitary observation. 
M. Struve, of Dorpat, also has registered the data of 3000. These are all included in the 
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northern hemisphere, and within 15° south of the equator. From the southern heavens 
an equally plenteous harvest may be gathered, of which Mr. Dunlop’s catalogue of 250, 
observed at Paramata, may be regarded as the first-fruits. Upon the whole, the number 
of stars whose multiple character and respective positions have been determined, cannot 
be rated at less than 6000. Of these the most numerous are twin-stars, or binary systems. 
Some of the more remarkable specimens are Castor, ri Coronro, Rigel, Polaris, Mirac or 
£ Bootis, y Leonis, y Virginis, 4 Ursae Majoris, a Herculis, 36 AndromedsD, \ Ophiuclii, 
and 9r Aqt^lae. 

Of all the binary stars in the heavens. Castor is the largest and the finest ; the one also 
which has been the longest observed. Its structure and position were 
recorded by Pound in 1718, by Bradley and Maskelyne in 1750, 
and by Herschel in 1799 ; and, in the present day, it has been closely 
and perseveringly examined by Sir John Herschel, Struve, and Sir 
James South. Castor is a Gominorum, one of the bright stars in 
“ the head of the Twins, the most northerly of the two, and is easily 
aqiaTated by a moderately good telescope. Its constituents are of the third and fourth 
magnitude, at present about 3" apart. The diagram shows the pair which now make 
an angle with Pedlux, the other principal star in Gemini. But in Bradley's time the 
position was different, as appears from a memorandum of one of his observations ; — 
^‘Double star Castor. No change of position of the two stars: the line joining them at 
all times of the year parallel to the line joining Castor and Pollux in the heavens seen 
by the naked eye.” Sir John Herschel speaks of this object as that whose unequivocal 
angular motion first impressed on his father’s mind a full conviction of the reality of his 
long-cherished views on the subject of the binary stars, ri Coronas, 
halfway between the Northern Crown and the club of Bootes, is a 
delicate double star, not to be seen but under favourable circum- 
stances, requiring the most powerful and perfect instruments. Its 
compound character was discovered by Herschel 
in 1781, since which time its constituents have 
gone through more than a complete revolution, 
which renders it the most remarkable binary 
star known. Rigel, the well-known star in the 
foot of Orion, consists of one large and brilliant 
with a minute companion. The attendant 
point was seen by Herschel with a power of 
227, but has been reached by one of Dollond’s 
two-foot telescopes with a power of 70. Po- 
laris, the pole star, is resolved into two of \’ery 
unequal size, the smaller appearing a mere point 
\ in comparison with its companion. Mirac, or e 
\ Bootis, about 10° north-east of Arcturus, is 
/ one of the loveliest objects in the heavens, 

/ on account of the contrasted colours of tlie 
two stars composing it. It requires a 
power of 200 distinctly to define the pair. 
y Leonis, about 7J° north-east of Regulus, is 
another striking example of a double star. 

Besides stellar pairs, there are many 


It Coronas. 


Rigel. 


f 


Polariif 


I BoStia. 


y Leonia. 


II Munocerotit. 

instances of triple combuiation, of points 


apparently individual resolving into three distinct bodies when examined by an instrument 
of high power An object of this kind is in the constellation Monocerotis, or the 
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Uiiioom«-a star in the right fore-foot, which is resolved at first into two; but one of 
these, on minute inspection, is found to be double. Herschel, who 
discovered this triplicate in 1781, pronounced it one of the most 
beautiful sights in the heavens, f Cancri, apparently a single 
star of the sixth magnitude, is another example of a ternary 
system, separating into three of unequal size. { Librae is also treble, 
/as well as y Andromedae, t// Cassiopeiae, and 12 Lyncis. Eleven sets 
of bright triple stars, conjunctions of three bodies, are specified by 
Struve, in a very small space of the heavens^ ^ 

I La>r«. Combinations of four stars, constituting a quadruple scheme^ 

jOCUBposed of two double, have also been detected. /3 Lyrse, vr* Canis Migoris, 8 Lacerta^ 
and e Lyrse are examples. The latter object the naked eye discerns as a star of the 
fourth magnitude, about 1^° from Vega, upon the ihime of the 
; Lyre. With slight instrumental aid it separates readily into 
two weU-defined stars, distinctly apart^ and each of these two 
- becomes binary under a higher power. There are still more 
, extraordinary combinations than the preceding, or quintuple 
I and sextuple stars. Thus B Ononis, the trapezium, in the 
J nebula, the first object upon which Herschel turned his mighty 
telescope, appears as a star of tlie third magnitude to the 
naked eye. It was so classed by Ptolemy and Tycho Brahe, but has long been known 
to be quadruple. Struve has however announced it to be quintuple, that is, whep 
thoroughly examined, it consists of five constituent bodies so closely wedged as to appear 
an individual object. 

The phenomena of the multiple stars have already led to some interesting results. Hie 
Newtonian law of gravitation has by their means been opened to our view, operating in 
the far distant realms of the universe. When these proximate bodies were first disco- 
vered, it was not suspected that any physical connexion subsisted between them — any 
real contiguity. The proximity was supposed to be simply optical. It was imagined, 
that one star lying at a remote distance behind another, and seen in nearly the same visual 
Has, produced the appearance of a double star, as described in the diagram. In some 

instances this is undoubtedly the case; and, while the prevalence of the 

binary arrangement was limited to a few specimens, the solution was satisfac- 
tory. But the heavens are so thickly sprinkled with double stars, as to render 
' it in the highest degree improbable that their occurrence is merely the acci- 

dental effect of two stars separated by a wide interval, lying out in space in 
the same direction. The argument adopted has been illustrated in the follow- 
ing manner. If we suppose a number of peas to be tlirown at random on a 
chess-board, we should certainly expect to find them occupying irregular or 
random positions. If, contrary to this, they were, in far more than average 
numbers, found to be arranged in pairs on each square, the rational inference 
would be, that here there was no random scattering. The excessive preva- 
lence of the binary arrangement would indicate forethought, design, and 
Bjetem, 

This ia the reasoning of Dr, Nichol, the force of which ia obvious. Hence, " 
when we find between the pole and 15® south of the equator, 653 cases of 
conjunction, in which the bodies are not separated by the finest telescope 
from each other by more than the apparent diameter of Jupiter, and 612 cases 
of a lesser star associated with a greater, we are led to infer the real and 
designed proximity of these bodies. The principle now adverted to, led Herschel to 
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the conclusion that casual situations will not account for these multiplied phenomena ; 

that consequently their 
existence must be owing 
to some general law of 
nature ; and as the mutual 
gravitation of bodies toward 
each other isquite sufficient 
to account for the union 
of two stars, he felt autho- 
rised to ascribe such com- 
binations to that principle. 
This reasoning has been emphatically confirmed by physical facts, ifhe conclusion has 

Iflss 18 S< late beene^Wi(lMbeiy«»d«H 

so^Miy s^Jime doubt, .that t|^ 

^ stars are made 1^ of bodies 

> , * ^ in real assoeiattoiii phy* 

sicidly ookmected^ The 
consfitaents of a double 
star, closely watched through a series of years, are found to change their relative position, 
and to repeat the same cycle of change, indicating their systematic union under control 

of the law of gravitation. 
The diagram exhibits the 
observed positions of the 
two stars of Castor, of y 
Virginia, and of { Ursm 
Majoris, at the respective 
times named. Here we 
have unquestionable signs 
of orbital motion, real 
binary systems of suns 
revolving around suns, 
* * the smaller around the 

* • greater, or both about a 

Posttlon of the two start of ( Ursss Maoris, COmmOU CCUtre of gravity. 

One has accomplished a complete revolution, rj Coronm, since observation was first 
directed to it ; and, from the progress already made by others, their times of revolution 
have been estimated as follows : — 


1761 


Potitinn of the two itars of y Vtrginli. 


±60% 


1609 


1619 


IBSU^ 


1629 ;^ 






Star’s Name. 

Q Herculis 



Period in Yean. 

* 31 



By whom computed. 

• Macllur. 

17 Corona; 



43 



• Ditto. 

C Cancri 



. 58 



- Ditto. 

{ Ursa; Majoris 



- 58 



• Savary. 

CD Leonis 



82 



- Madlor. 

^ Bootis 

- 


117 


. 

- Sir J. Ilerschel. 

Z Cygni 

- 


- 178 


- 

. Hind. 

y Virginis 



- 1 H 2 


. 

- Sir J. Handiri. 

Castor 


- , 

- 252 



• Ditto. 

V Corona; 

. 

* 

* 608 


. 

Madler. 


In consequence of revolution, the apparent distance between the constituents of a doable 
star varies remarkably. Thus the two stars of y Virginis have apparently approached 
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oach other» and have become so close aS to present the appearance of a single star to tlicj 
teleseope, their respective motions again opening as it were a breacli between them. Ihe 
Constituents of Castor now appear to be closing. “ This star,” says Sir John Herschel, 
seems on the point of undergoing, within the ensuing twenty-four years, a remarkable 
change, similar to that of which y Virginia has already furnished a striking instance, 
during the last century, and passing from a distinct double star of the second class to a 
close one of the first, and ultimately to one of extreme closeness and difficulty, such as only 
the very finest telescopes, with all the improvements we may expect in them, will be 
capable of showing otherwise than single.” In the following years the distances of the 
constituents of Castor will be as follows • 


1845 

. 

. 3 '' *85 

1854 

1848 

- 

- 3 

•37 

1855 

1850 

- 

- 2 *91 

1855 

1852 

- 

- 2 

•18 



We have thus seen suns in motion around each other —or around some intervening point, in 
the case of quadruple and quintuple stars — as decisively evidenced by observed pheno- 
mena, as the translation of the distant planets of our system around the central luminary. 
It required the most acute geometricians to resolve the well-known problem of three bodies, 
and it may be quite beyond our mathematics to determine the curves described by con-, 
nected suns with attendant planets acting and reacting upon each other ; but the fact of 
the stellar universe being the scene of activities, incessant, complex, yet nicely balanced 
And barmonised, is clearly before us. 

. The contrasted colour of the multiple stars, the rich and varied hues with which they 
shine, is one of their most striking peculiarities. The stars visible to the naked eye, 
in thb tints which they display. This, though very apparent, it not so clearly 
t ^ fa U i l i Be d in our own country by the unaided vision, owing to the general haziness of the 
ntmdSpheri^, as in other parts of the globe. But if we were encamped at night upon tire 
plains bf Syria, or on those of High Asia, the greatest projection upon the surface of our 
planet^ where the firmament is displayed with greater clearness through the rarity of the 
circumambient air, the diverse colouring of the stellar, light would be at once observed. 
Sirius, whose advance to the field of view, on directing a telescope to it, has been likened 
to the dawn of the morning, is so refulgent that for a time it bos been found impossible to 
endure it, is brilliantly white. There has been some extraordinary changes in the 
history of tliis splendid object, for Sirius, now white, was known to the ancients as a red 
star, and is so characterised by Ptolemy and Seneca. This is not a solitary phenomenon, 
but one upon which it is quite useless to speculate. Within the last half century y 
Lepnis and y Delphini have very perceptibly changed colour. Lyra, Spica Virginis, 
Bellatrix, Altair, and Vega are white stars. Procyon and Capella are orange. Al- 
debaran, Antares, Arcturus, Pollux, and Betelguese are red. The remark has been 
made by Struve, and it is corroborated by others, that Herscliel assigns to many of 
the stars ,a redder tinge than has been verified, arising perhaps from some optical 
peculiarity, or instrumental defect. It is w'cll known that some persons are unable to 
discriminate colours correctly, and to certain colours others are totally insensible. 
The eminent philosopher Dalton belonged to the latter class. He saw no difierence 
between red and green, so that he thought the face of a leaf of laurel a good match to a 
stick of red sealing-wax. Dugald Stewai-t also laboured under the same defect. 

While in many cases the constituents of a binary or multiple system are of the same 
conl|plexion, and of equal intensity, in other instances, there is a striking diversity as to 
both. 
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Among the binary stars catalogued by Struve, the following summary of 596 is given 
by him : 

Pairs of the same colour and intensity - . . 375, 

Pairs of the same colour, but of different intensity - 101 
Pairs of totally different colours - - - .120. 

The white stars in the multiple systems are supposed to be 2^ times more numerous than 
the red, and the red twice as numerous as the blue. While insulated stars of a red 
colour as deep as blood are common in the heavens, and also white and yellow ones, it is a 
remarkable fact, that no specimen of an insulated blue, green, or violet-coloured star, 
has yet been found, though these occur in the binary and ternary systems. Struve 
furnishes the following statement of coloured primaries and blue attendants : — 


Pairs consisting of a blue with a white principal star - - 53 . 

with a light yellow - - - - 52 . 

with a yellow or red - - - 52 . 

with a green - - - - - 16 . 


The imagination is apt to run riot, in endeavouring to picture the effect of this variety 
of colour, to a planetary attendant of one of the suns in a binary or tertiary system. “ It 
may be more easily suggested in words,” remarks Sir John Herscliel, “ than conceived, what 
variety of illumination two suns — a red and a green, ora yellow and a blue one — must afford 
to a planet circulating about either ; and what charming contrasts and grateful vicissitudes 
— a red and a green day, for instance, alternating with a white one and with darkness — 
might arise from the presence or absence of one or other, or both above the horizon.” 
Here we have another example of that beautiful variety combined with evidences 
of sameness which we encounter in every region of physical nature, and which proclaim 
its far distant worlds to be the architecture of one infinitely potent and fertile Mind. 
While the double stars are governed by the same centrifugal and centripetal forces which 
maintain in harmony our planetary system, they display that diversity of operation in 
their various hues which is stamped in other forms upon the solar universe. 

From the preceding statements it is clear, as has been previously observed, that the 
common term, fixed stars, is not rigidly applicable to the bodies so denominated. Orbital 
revolution is not only displayed by the constituents of the multiple stars, but there are 
observed instances of a proper motion in space common to the constituents of each. Thus 
the two stars composing 61 Cygni, have preserved nearly the same distance from each 
other for fifty years or more, but their common location in the heavens has been altered 
in that time through an extent of 4'*23. The annual proper motion of this double star 
in right ascension is 5"*46 of space; and in declination 3"‘19. The estimated velocity 
with which it journeys through the vastness of space amounts to upwards of 177,000 
miles an hour. The two stars, a Ophiuchi and 30 Scorpii, which are 13' apart from each 
other in space, and which are not orbs revolving around each other, are yet moving 
along together through the universe, leaving the neighbouring stars behind them. The 
triple star, fj, Cassiopeia, has a rapid course through space, at the rate of not less than 
125,000 miles an hour, and Arcturus has also a considerable proper motion. The 
change of place in these stars requires perfect instruments, and a lapse of years for 
their observation ; but a real movement of great magnitude is indicated, of which we 
should be sensible if we were nearer neighbours to them. It has been thought, that 
our sun has a motion of translation of which the whole solar system partakes, the 
planets maintaining unaltered their relative movements around him, in the same 
manner as the moons of Jupiter and Saturn accompany their primaries in their orbital 
routes. Halley adopted this idea. It formed part of the Epicurean creed, and gleams 
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out in the philosophical poem of Lucretius, who argues the collapse of the celestial 
bodies, and the return of chaos, without such a motion : — 

** Were — the entire of nature thus confined, 

Thus circumscrib'd precise, from its own weight 
Long since, all matter to th* extremest depth 
Had sunk supine : nor aught the skies beneath. 

Nor skies themselves, with countless stars adorn’d, 

And sun's unsuffering splendour, had remain’d. 

Down, down th' accumulated mass had fall’n 
From earliest time, devoid of power to rise. 

All, all is action.’* 

, BSerschel conceived the sun with his cortege of planets to be travelling gradually to a 
point in the heavens in the constellation Hercules ; and reasoning from the analogy of the 
proper motion of the stars, the conclusion is probable that the solar system is not at rest, 
however uncertain the direction and rate of the movement. As far as the domains of the 
creation have been examined, it is very evident that action — orderly and useful action — 
iff every where prominent. Man in his slothfulness, or whirled heedlessly along by his 
passions, may take this as an emphatic though silent rebuke to himself, as at variance with 
one of the universal laws of nature. 




chaptp:r X. 

NEBULiE, 

Far more astonishing than any of the details upon which we 
have hitherto dwelt, are those relating to the class of celestial ob- 
jects we have now to consider, the investigation of which is at pre- 
sent the highest branch of practical astronomy. In directing our 
attention to NebuloEs, we leave what may comparatively be called 
home regions, strange as the phrase appears, when we recollect 
the distance intervening between us and the nearest of the stars. 
But such language is strictly appropriate with reference to the 
stars visible to the naked eye, and reached by ordinary telescopic 
aid. They form our firmament or cluster, near the centre of which the solar system is 
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I supposed to be situate, the Milky Way being apparently its outward boundary. Yet 
besides this province with which we are connected, incalculably vast as it is, perfectly j 
inestimable both in length, breadth, depth, and height, there are other provinces within i 
view, equally as capacious, distinct firmaments or clusters, scattered through those ter- i 
ritories of the universe that are accessible to our gaze ; and could we be removed to any ; 
of them, the whole of that great scheme of existence circumscribed by the Milky Way, 
might seem compressed into a small globular patch in space, the aspect presented by the 
nebulas to ourselves. The term nebula, signifying a cloud or mist, is a denomination 
given to spots of pale light, which are sprinkled in the heavens, a few of which may be 
detected by the unaided eye. They vary considerably in shape, size, and luminosity; 
and occur in numbers, which every improvement of the telescope increases. In Halley’s 
time the whole number known amounted to six ; but he naively remarked, there are 
undoubtedly more which have not yet come to our knowledge.” Messier, the comet 
ferret, was the first who paid particular attention to these objects. While looking for 
Halley’s comet, in 1758, whose return was then expected, he observed in the neighbourhood 
of ( Tauri a whitish light, elongated like the fiame of a taper. This led to the produotum 
of his list of these objects, containing a hundred and three, the result of liis own 
personal observation. It appeared in the Connaisaance des Temps^ for the year 1784, 
an astronomical almanack published by the French Board of Longitude. Hersch^ 
discovered upwards of two thousand more, whose places were determined and catalogued 
by his sister. Sir John Herschel commenced in 1825 and finished in 1833 the most 
complete catalogue of nebuhe, containing his father’s results, and five hundred additional 
objects, the fruits of his own observation. “ I have already determined,” he remarks, 

“ with as much accuracy as the nature of such observations permits, the places ; and 
obtained sufficient descriptions of the physical peculiarities, of between two and three 
thousand of these wonderful objects — a great part of them by many repeated observations, 
and made careful drawings of the most remarkable for their shape, size or structure. 
Among these are objects so surprising, that I shall earnestly desire to see my observ- 
ations verified by the powerful instruments (if sufficiently so) which are now become 
common in the hands of observers.” 

The nebulas exhibit very varying appearances. Their chief aspects are shown in the 
views inserted at the commencement and close of this chapter, as well as in the other 
diagrams, A popular account of them may be given under the general heads of resolved, 
resolvable, and a third class which have been defined as portions of matter advancing 
towards an ultimate organisation, some on its verge, others without any display of 
structure, and others in intermediate stages. 

The first class of nebulas are apparently isolated patches of luminous matter, as seen 
by the naked eye, or through common telescopes, but by instruments of greater power, 
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KetolalnPers^ Nebula in Canet Veiuitict. 
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they are resolved into clusters of stars, of which we have examples in PrsBsepe, and 
the Galaxy. 

Herschel’s catalogue contains upwards of a hundred of these clusters. One of the more 
remarkable is in the sword- handle of Perseus, a somewhat difficult object to resolve, but 
sufficient optical aid discriminates its components, and places before us a distinct grouping 
together of an immense number of stars, with a circlet of brighter individuals towards 
the centre. A line carried from Algenib, the principal star in the constellation, to the 
middle of Cassiopeia, passes over this assemblage, situate about half-way between the 
two. The next spherical congress of which a view is given, is in Canes Venatici, dis- 
covered by Messier in 1784, and described as a nebula without a star, brilliant and round. 

Twenty years afterwards it was assailed by Her- 
schel with his twenty-foot reflector, and resolved 
into a beautiful cluster of stars about 5' or 6' in 
diameter. Its locale in space is about 11® north- 
west of Arcturus, nearly midway on a line drawn 
from that star to Cor Caroli. Another globular 
combination was found by Maraldi in 1745, near 
t Pegasi, observed by Messier in 1764, and described as a circular nebula with a brilliant 
star-like centre, but Herschel separated it into constituents in 1783. Taking a favourable 
night in spring or autumn, a practised eye may discern a feeble speck between ti and 5 
Herculis, two stars of the third magnitude north and south of each other, in that con- 
stellation, being about 22° nearly due west of Vega. This speck is the thirteenth 
nebula of Messier’s list, described by him as nehuleuse sans etoiles. It was observed 
by Halley in 1714, who remarks, « This is but a little patch, but it shows itself to the 
naked eye when the sky is serene, and the moon absent.” Employing a common telescope, 
it assumes the appearance of a small and faint cometary body, of a globular shape; 
but using an instrument of first rate power, it resolves into a mass of stars, whose 

number must be enormous, but apparently 
so closely wedged together, owing to their 
remoteness, as to present the little indivisible 
streak of light wWch is scarcely perceptible 
without optical aid. It is impossible, says 
an assiduous observer, to give a fitting re- 
presentation of this magnificent cluster : 
perhaps no one ever saw it for the first time 
through a large telescope, without uttering 
a shout of wonder. Such spherical stellar 
clusters are common, the individuals of each 
being no doubt separated from one another 
by as wide a gulf as that which exists be- 
tween our sun and the nearest star, their 
apparent contiguity and compression to us 
arising from their immeasurable distance. 

The globular form of clusters, however, is 
by no means unvarying. There are oval shapes, while some are of very irregular 
outline, and present a fantastic appearance. The 30 Doradfis, as sketched at Paramatta 
by Mr. Dunlop, and examined by Sir John Herschel at the Cape of Good Hope, resem- 
bles a number of loops, forming a kind of knot at the centre like a bunch of ribbons. 
An angular-shaped mass appears in the Twins, on a line drawn from Pollux to the middle 
of Orion’s belt, discovered by Herschel in 1783. Another, in the form of a distant flight 
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The conclusions are marvellous that are forced upon us by these objects. Here we 
have firmaments or clusters, insulated in space, each constituting a sidereal family equal 
to that to which our sun belongs. ‘‘ It would be a vain task,” says the highest authority 
upon this subject, “ to attempt to count the stars in one of these globular clusters. They 
are not to be reckoned by hundreds ; and on a rough calculation, grounded on the ap- 
parent intervals between them at the borders (where they are seen not projected on each 
other), and the angular diameter of the whole group, it would appear that many clusters 
of this description must contain, at least, ten or twenty thousand stars, compacted and 
wedged together in a round space, whose angular diameter does not exceed eight or 
ten minutes ; that is to say, in an area not more than a tenth part of that covered by 
the moon. Perhaps it may be thought to savour of the gigantesque to look upon the 
individuals of such a group of stars like our own, and their mutual distances, as equal to 
those which separate our sun from the nearest fixed star : yet when we consider that 
their united lustre affects the eye with a less impression of light than a star of the fifth 
or sixth magnitude, (for the largest of these clusters is barely visible to the naked eye,) 
the idea we are thus compelled to form of their distance from us may render even such 
an estimate of their dimensions familiar to our imagination ; at all events, we can hardly 
look upon a group thus insulated, in seipso totm, tereSy atque rotundus^ as not forming 
a system of a peculiar and definite character.” 

However it may savour of the gigantesque, it is sufficiently evidenced that an area 
of the heavens not exceeding of the lunar diameter, contains a system of stars 
rivalling in number those which constitute our firmament, and appearing only as a 
single faint luminosity to us. Yet there are many areas so occupied. It follows 
therefore that our firmament is but one of a series, and probably one of the smaller 
chambers in the great mansion of the universe. All the stars and constellations that shine 
in the midnight sky, constitute a stellar scheme which is but a unit of a countless number. 
As seen from the faint objects we discern in the side of Hercules and the sword-handle 
of Perseus, our whole sphere would be compressed into a small streak of light, and 
appear in space like a snow flake in our atmosphere! We may conclude, however, that 
as the firmament, which the unaided eye of man surveys, is but a member of a vast 
family of systems which his assisted vision scans, so that family may be no more than 
as a drop to the ocean, a grain of sand to the mass of the globe, compared with what 
lies beyond the bounds of telescopic sight, hid in regions which mortal gaze will never 
explore or visit. Suppose we could actually travel across the space through which the 
terrestrial eye can penetrate, and take our station at the point which is now the limit of 
vision, would there not be a territory lying before us, equal to that we siiould have left 
behind, in the number, grandeur, and variety of its works ? That the Divine capability 
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has Operated no farther than where a limit is pnt to human investigation— that the 
length and breadth of the Divine dominions have been surveyed, when we have arrived 
at a point which we cannot pass — it were folly and presumption to imagine. That 
part of space beyond which the art and genius of man fail to conduct his glance, simply 
reminds us that we are Unite beings, and that we have reached the limit which for the 
present circumscribes finite powers. It is not the boundary of the Creator’s workmanship, 
but a point of indication, that His House, to us, is, like Himself, illimitable, and that its 
measurement is a task to which His infinitude alone is equal. 

It is inferred from the appearance presented by many clusters, that the components 
of each are bound together by mutual relationships, and constitute a particular assemblage 
of stars governed by internal laws peculiar to itself, though corresponding generally 
with those which prevail in other sidereal systems. The common occurrence of the 
globular shape, and of great central condensation, the light there running up into an 
unbroken blaze, may be accepted as evidence of the action of attraction. It is 
striking to catch a glimpse of a law with which we are so familiar — the law that 
unites the atoms that compose the earth, forms every rain* drop, and moulds the tear that 
trickles down the cheek of sorrow — in prevailing operation millions of leagues away from 
our terrestrial residence, binding together in spherical masses whole sidereal systems. 
Such a fact, however, commonly suggests no farther remarks than that the laws of nature 
every where prevail, and with this, thought in general ends. But “ what,” says Paley, 
“ do we mean by the laws of nature, or by any law ? Efiects are produced by power, 
not by laws. A law cannot execute itself. A law refers us to an agent.” An irresistible 
conviction is forced upon us, of the universal agency, and, consequently, the omnipresence 
of one Lawgiver, by the universal presence and execution of kindred laws ; and con- 
fessedly incomprehensible as is the modus of His operation, it would be not more 
irreligious to stumble at this than unphilosophical, considering the immense amount of 
things of which we have certain evidence that they are, without having, any glimpse as 
to how they are. We cannot at all understand the physical agency of the Deity ; but 
paying deference to the strong facts of nature, we are led to the conclusion that He 

Lives throufi^h all life, extends through all extent, 

Spreads undivided, operates unspent.” 

Even the irregular shaped clusters are supposed to be in process of reduction to the spherical 
form under control of the attraction of gravitation. Sir W. Herschel, the great exponent 
of nebulw, took this view of those which exhibit a diverse and varied contour. “ There 
are circumstances,” he remarks, “in the appearance of extended clusters and nebulae, 
which very much favour the idea of a power lodged in the brightest part. Although the 
form of these be not globular, it is plainly to be seen, that there is a tendency towards 
sphericity, by the swell of the dimensions, the nearer we draw towards the most luminous 
place, denoting as it were a course or tide of stars, setting towards a centre. And, if 
allegorical expressions may be allowed, it should seem as if the stars thus flocking 
towards the seat of power, were stemmed by the crowd of those already assembled, 
and that, while some of them are successful in forcing their predecessors sideways, out 
of their places, others are themselves obliged to take up lateral situations, while all of 
them seem eagerly to strive for a place in the central swelling and generating spherical 
figure.” Still bolder thoughts, yet not altogether visionary, have been entertained. 
Lambert, in the last century, started the lofty speculation, that the universe is a col- 
lection of sidereal schemes, the individuals of each moving round a common centre of 
gravity, all the systems moving round some grand centre common to the whole, that 
being the only point in the universe at absolute rest. The motion in space attributed 
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by Herschel to our own sun, rejected at first by most philosophers, but now confirmed 
by Argelander, is so far in favour of this view. In accounting also for that change of 
temperature which the earth has undergone since vegetable productions appeared upon 
its soil, the evidence of which we have in the remains of the ferns and palms of the 
tropics in northern regions still existing. The continental investigators have not 
overlooked the possibility of a gradual transition of the globe along with the solar 
universe into colder regions of space. 

Besides resolved nebulae, or those whose constitution is unequivocally determined by 
telescopic inspection, there is another class which range under the general head of resolv- 
able, conceived to be actually identical with the former, that is, sepai'ate and vast schemes 
of stars, which a suflicient increase of instrumental power would decisively prove. The 

most singular object of this class is in 
" V ulpecula et Anser, on the breast of the 

Fox, first discovered in the year 1764. 
^ The whole figure is that of an oblate 

spheriod; but it is easy to trace the shape 
of a dumb-bell or liour-glass composed 
^ ^ l)ythe two connected dense hemispheres. 

, , * ^ ^ Since the great reflector at Birr Castle 

. v , : *V: .’ has been completed, it has been turned 

upon this nebula by the Earl of Rosse, 

* and some hope of resolving it has been an- 

nounced. The diameter drawn through 
oun ('(‘litres of the two hemispheres 

amount to 5\ which gives an immense extent to the whole. But the most interesting 
object of the class under notice is a halo nebula, discovered by Messier in 1772 in Canes 

Venatici. It is near the back of the northern hound 
, vj, Astcrion, about 5® south by west of Benetnasch, 

the last star in the tail of the Great Bear. This has 
• been called a ghost of the planet Saturn ns seen with 

■ V- ;; ' his rings in a vertical position. It exhibits a bright 

'.V central nucleus, surrounded with a distant luminous 

' annulus split through part of its circumference, a fac- 
' " simile of our sidereal firmament with its divided 

• Milky Way, as espied from a similar distance in the 

same direction. It is number 1623 of Sir John 
:♦ > Ilerschers catalogue; and “supposing it,” he re- 


marks, “to consist of stars, the appearance it would 
Hiiio Nebula. present to a spectator placed on a planet attendant 

on one of them, eccentrically situated towards the w. p, quarter of the central mass, 
would be exactly similar to that of our Milky Way, traversing, in a manner precisely 
analogous, the firmament of large stars into which the central cluster would be seen 
projected, and (owing to its greater distance) appearing, like it, to consist of stars 
much smaller than those in other parts of the heavens. Can it then be that we have here 
another system, bearing a real physical resemblance and strong analogy of structure to 
our own?” There are various other forms of resolvable nebuhe. Miss Herschel, with 


a small Newtonian telescope., in August, 1783, discovered one of a lenticular shape, of 
which Sir John Herschel has given a drawing. Its real foim is supposed to be that of 
an immense ring resembling our Milky Way, appearing elongated, owing to its lying in 
a direction oblique to our line of vision. This object is in Andromeda, nearly upon a 
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line passing from Almaach to Algol in the head of Medusa, about 4® to the east of the 
former star. It is at a bewildering distance from us, and is no doubt a great congregation 
of suns and planetaiy systems, equal in extent to our own firmament. Between /3 and y 
XyrsB, exactly midway, there is a remarkably well-defined annular nebula, one of the 

curiosities of the heavens, presenting the appearance 
of a fiat elliptic solid ring, readily seen with a telescope 
of moderate power. The two axes of the ellipse are 
to each other nearly in the proportion of 4 to 5. The 
central region is not entirely dark, but has a faiiit 
hazy light spread over it. The distance of 9S0 times 
that of Sirius has been assigned to this olyect. 

It was one of the great tasks of Herschel to gauge 
the heavens, and to ascertain the relative distances of 
the resolved and resolvable clusters ; and, as many of 
those views which were deemed wild and visionary by his compeers, have, since his day, been 
triumphantly established, his enquiries and conclusions in general are entitled to attention 
and confidence. To the centres of the easily resolved spherical nebuhe of the largest 
diameter, he assigned a remoteness 400 times that of Sirius. Those of half their diameter, 
whose stars appear to be more closely wedged, he supposed to be double the distance of 
the former ; and at four times their distance, or 2400 times more remote than Sirius, he 
placed those clusters which plainly indicate resolvability, but whose components are not 
with our present means apprehensible. In the last case we have an extent of space equal 
to at least 45,000,000,000,000,000, or forty-five thousand billions of miles. The dumb- 
bell nebula is certainly not within that range, and probably much farther off. Light, 
which comes to us from the sun in eight minutes — flashing along at the immense rate of 
190,000 miles in a second of time, or nearly twelve millions of miles in a minute, would 
require upwards of seven thousand years to perform its passage across the gulf ! But 
Herschel went to a still more tremendous depth in space — that of 35,175 times the 
distance of Sirius — as the site of some clusters ; — a comparison with which the distance 
of the stars themselves from us, mighty as it appears, shrinks into insignificance ! Such is 
Creation ! or at least that part of it with which we have some acquaintance. These are 
views which render the language of Coleridge not chargeable with extravagance : — It 
is surely not impossible,” said that highly gifted man, “ that to some infinitely superior 
Being the whole universe may be as one plain — the distance between planet and planet 
being only as the pores in a grain of sand, and the spaces between system and system no 
greater than the intervals between one grain and a grain adjacent!” 

But nebulse, properly so called, have been thought to be distinct from the two classes 
which have been noticed, those which resolve into closely packed clusters of stars, or seem 
capable of being so resolved by mightier instruments than have yet been brought to 
bear upon them. They are objects which appeal' in their physical constitution to 
answer to their title — a cloud or mist, apparently luminous portions, or modifications of 
matter, extending over immense regions of space, and presenting very varying appear- 
ances. Herschel supposed at first that all faintly illuminated spots in the heavens were 
stellar combinations, so remote that no individual object could be seen, but only the 
general light which the whole afforded ; but subsequent observation led him to reject 
this idea, considering the appearances exhibited widely different from what the aggrega- 
tion of an immense number of minute stars might be expected to produce. 

A remarkable nebulosity appears in the constellation Orion, in the middle of the sword, 
which a good eye may discern without the assistance of a glass. Huygens was the 
first to describe this object, though Galileo is said to have observed it through his tele- 




KEBTJL^ 


scope. Astronomers,” says the former, place three stars close to each other in the 
sword of Orion : and, when I viewed the middlemost with a telescope in the year 1656, 
there appeared, in the place of that one, twelve other stars ; among these, three that 
almost touch each other, and four more besides, appeared twinkling as through a cloud, 
so that the i^ace about them seemed much brighter than the rest of the heavens, which 
appearing wholly blackish, by reason of the fair weather, was s^n aa'IlifOQgh a certain 
opening, through which one had a free view into another region wMch was more 
enlightened. I have frequently observed the same appearance in same {dace without 
any alteration; so that it is likely that this wonder, whatever it may be in its^, has been 
there from all time ; but I never took notice of any thing like it among the rest of the 
fixed stars.** This nebula discerned by the naked eye, exhibits an indefinite, foggy 
appearance, brighter, yet more diffuse and strange when a telescope is used, but the 

whole light and power of Herschel*s forty 
feet reflector could not resolve it into dis- 
tinct stars. This highly interesting ob- 
ject,” he states, engaged my attention in 
the beginning of the year 1774, when, 
viewing it with a Newtonian reflector I 
made a drawing of it ; and, having from 
time to time reviewed it with my large 
instruments, it may easily be supposed 
that it was the very first object to which, 
in February, 1787, I directed my forty- 
feet telescope. The superior light of this 
instrument showed it of such a magnitude 
and brilliancy, that, judging from these 
circumstances, we can hardly have a doubt 
of its being the nearest of all the nebulse 
in the heavens, and, as such, will afford 
us much valuable information.** It seems 
composed of little flocky masses, or wisps 
of cloud, adhering to some small stars at its outskirts, and enveloping one with an atmo- 
sphere of considerable extent. “ I know not,” says Sir John Herschcl, “ how to describe 
it better than by comparing it to a curdling liquid, or a surface strewed over with flocks of 
wool, or to the breaking up of a mackarel sky, when the clouds of which it consists begin to 
assume a cirrous appearance. It is not very unlike the mottling of the sun’s disk, only, if I 
may so express myself, the grain is much coarser, and the intervals darker ; and the flocculi, 
instead of being generally round, arc drawn into little wisps. They present, however, no ap- 
pearance of being composed of stars ; and their aspect is altogether different from that of 
the resolvable nebulae. In the latter, we fancy, by glimpses, that we see stars, or that, 
could we strain our sight a little more, we should see them : but the former suggests no 
idea of stars, but rather of something quite distinct from them.” Whatever tliis filmy 
8ub8ta][^e may be, its dimensions are enormous, for it subtends an angle of nearly 10', 
and, supposing it at the distance of a star of the eighth magnitude, its size must be at 
least 3,208,600,000,000,000,000, or more than three trillions of times that of our flun. 
Upon comparing the present appearance of this great nebula with former drawings of 
it, it appears to have undergone some marked changes, at least if the older representations 
are to be depended upon. The following memorandum was made by Herschel when 
he viewed it in 1774 ; “ Its shape is not like that which Dr. Smith has delineated in his 
‘ Optics,’ though somewhat resembling it, from this we may infer that there are undoubtedly 
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<^iigeS;Aiiioiig (the T^gioin. of fixed stars i and perhaps, from a careful observation 
qf tUft Ittdd ijpot, something may be concluded concerning the nature of it.’’ What this 
hnniftnae loondng mass portends, we knew not a few years ago; but while the nebular 
bypothosis seemed to rest on valid data, it was a natural surmise, that here we have the 
germ of systems of worlds to be evolved in future ages. 

, An object of the same cktss appears in the girdle of Andromeda, called the transcend- 
ently beautiful queen of the nebulse,” the oldest known nebula, supposed also to be 
one of the nearest. It is visible to the naked eye in the absence of the moon, and 
has often been mistaken for a comet. A notice of it occurs as early as the com- 
mencement of the tenth century. The first telescopic view was obtained by Simon 
Marius, Dec. 15, 1612, who compared it to a candle shining through a horn, that is, a 
diluted light increasing in density towards a centre. This nebula is of an oval or 
lenticular shape, and forma nearly a right-angled triangle with Almaach and Mirach, the 
two chief stars of Andromeda. A good eye may pick it up on a favourable night, by 
projecting a line from Sheratan, the second star in Aries, through Mirach to about 
beyond. It is about half a degree long, and from 15' to 20' broad. Herschel, who 
deemed this one of the nearest nebulas in the heavens, remarks : ** The brightest 
part of it approaches to the resolvable nebulosity, and begins to show a faint red 
colour; which, from many observations on the magnitude and colour of nebulas, I 
believe to be an indication that its distance in the coloured part does not exceed 
2000 times the distance of Sirius.” This is the rather extensive interval of 

r — " - 38,000,000,(X)0,000,000, of miles, a space which light 

will require more than 6000 years to traverse, so that 
' a ray that now meets the eye must have started from 

its source before the creation of man ; and a ray tHat 
is now leaving it will not accomplish the distance till 
the world is six thousand years older. Another ex- 
traordinary luminosity of the irresolvable class was 
^ * discovered by Messier, in 1764, a nebula, in the form 

j of a horseshoe, or the Greek letter £1, immediately 
I under Sobieski’s shield. Herschel pronounced it “ a 
_ wonderful extensive nebulosity of the milky kind. 
There are several stars visible in it, but they can have 
no connection with tjuit nebulosity, and are, doubtless, belonging to our own system, 
scattered before it.” 


The examples are numerous in which nebulous objects show decided symptoms of 
central condensation, forming a kind of star surrounded with a faint atmosphere of great 
extent. Those exhibited on the opposite page are called Stellar Nebulas. Structure is 
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here indicated, as though the supposed matter had changed from a state of difiusion, and 
had suddenly become aggregated at a point by the force of gravitation. It was an 
object of this kind— a perfect star with a halo around it, 114 Taurus — that caused 
Herschel to abandon the idea that all the nebulosities were crowds of remote stars, and 
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suggested tlie uebular hypothesis. “ A most singular phenomenon,” he remarked of one 
of these objects, of which a representation is annexed in the view below, marked with a 
white line a star of al>out the eighth magnitude, with a faint luminous atmosphere, of a 
circular form, and al^out S' in diameter. The star is perfectly in the centre, and the 
atmosphere so diluted, faint, and equal throughout, that there can be no surmise of hs 
consisting of stars.” Stellar nebulse occur in great numbers. The spherical form is not, 
however, invariable. Some are oblong and spindle-shaped ; others are double, treble, or 
quadruple ; but the great majority are circular individuals ; and all show decided com- 
pression towards a central point. Specimens of these varieties are shown in the side view, 

a slight inspection of which is suf- 
ficient to show how natural was 
Ilcrschers view of their construc- 
tion. “The idea,” says be, “of 
condensation occurs so naturally 
to us when we see a gradual in- 
crease of light, that we can hardly 
find a more intelligible mode of 
expressing ourselves than by call- 
ing it condensed. Instead of en- 
(|uiring after the nature or the 
cause of the condensation of nebu- 
lous matter, it would, indeed, be 
sufficient to call it merely a con- 
densing principle ; but, since we 
are already acquainted with fhe 
centripetal force of attraction, 
which gives a globular figure to 
planets, keeps them from fiying 
out of their orbits in tangents, and 
makes one star revolve around 
another, why should we not look 
up to the universal gravitation of 
matter as the cause of every con- 
densation, accumulation, compres- 
sion, and concentration of the 
nebulous matter?” There are many 
examples, also, of faint fan-shaped 
nebulosities being attached to stars, 
and nebulous streams extending 
from one star to another, and the designation of Planetary Nebulas is given to other spe- 
cimens in which there is a plain appearance of structure, but without any apparent 
condensation. These objects exhibit an equally diffused light, with disks frequently 
sharp and well-defined, and some of them rival in brightness the actual planets, 
having minute attendants, like satellites. A fine example is in Aquarius, which has an 
apparent sensible diameter of 20". Sir John Herschel computes, that, supposing this 
object to be as far from us as the stars, it must surpass in magnitude the area circum- 
scribed by Uranus. He concludes, however, that if it be a solid body of a solar nature, 
its intrinsic splendour is greatly inferior to that of the sun ; because a circular portion of 
the sun’s disk subtending an angle of 20" would shine with a light equal to that of a 
hundred full moons, w'^hereas the object in question is not discernible without a telescope. 
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This planetary nebula cannot be less than 68,000,000,000, or sixty-eight thousand 
millions of times the size of the sun, for a globular body filling the orbit of Uranus would 
be of these dimensions. It was first seen at Slough, in September, 1782, and is one of 
Struve’s nine rare celestial objects appended to the Dorpat catalogue of 1827. It shines 
with a pale blue light, very bright, and has been styled a miniature of Venus. Its 
location in space is near v Aquarii, about 10® north by west of Deneb Algedi, and 12® 
east of the great quintuple star a Capricomi. Other examples of the same class are to 
be found near /3 Ursae Majoris, y Eridani, and above the poop of Argo Navis 14® east of 
Sirius. 

Such are the chief aspects of nebulae, properly so called, as observed with ordinary 
instrumental aid. It was hence inferred from the phenomena that a material exists oc- 
cupying extensive spaces, self-luminous and phosphorescent, which presents an endless 
variety of contour, resembling in many instances a sheet of fog, but exhibiting in others 
an evident aggregation into distinct spherical or oblong masses. A material occupying 
such tracts of space and developing itself in such peculiar forms, could not be supposed 
to exist without design ; and, hence, the nebular hypothesis. “ If,” as Sir John Herschel 
remarked, “ it be true, as — to say the least — seems extremely probable, that a phospho- 
rescent or self-luminous matter exists, disseminated through extensive regions, in the 
manner of a cloud or fog — now assuming capricious shapes, like actual clouds drifted by 
the wind, and now concentrating itself like a cometic atmosphere around particular stars 

what, we naturally ask, are the nature and destination of this nebulous matter ? Is it 
absorbed by the stars in whose neighbourhood it is found, to furnish, by its condensation, 
their supply of light and heat ? Or is it progressively concentrating itself by the effect of 
its own gravity into masses, and so laying the foundation of new sidereal systems, or of 
insulated stars ? It is easier to propound such questions than to offer any probable reply 
to them. Meanwhile, appeal to fact, by the method of constant and diligent observation, 
is open to us ; and, as the double stars have yielded to this style of questioning, and 
disclosed a series of relations of the most intelligible and interesting description, we niay 
reasonably hope that the assiduous study of the nebulae will, ere long, lead to some clearer 
understanding of their intimate nature.” From the various aspects of the supposed 
nebulous substance — diffused without structure — winding, displaying a tendency to 
structure — and in globular masses, developing it — it seemed very probable, thaf these 
were different stages of one progressive course from an inferior to a higher condition, the 
several objects being variously advanced, yet all proceeding in the same route towards an 
ultimate organization. “We look among these objects,” said Mr. Airy, alluding to the 
various aspects of nebulas, and employing a happy illustration of Laplace, “ as among the 
trees of a forest. Their change in the duration of a glance is indiscoverable ; yet we 
perceive that there are plants in all different stages. We see that these stages are 
probably related to each other in the order of time, and we are irresistibly led to the 
conclusion, that the vegetable world in the one case, and the sidereal world in the other, 
exhibit at one instant a succession of changes requiring time, which the life of man or 
the duration of a solar system may not be sufficient to trace out in individual instances.” 
The difference is immense between tlie oak that for centuries has braved the breeze, and 
the sapling that has not yet borne an acorn, parallel to that supposed between a rude 
nebulosity and a stellar orb. Yet, if an identity were denied in the latter case, because 
no instance could be produced of actual progression from the one to the other, so might 
the insect of an hour, if endowed with intelligence, reason against an identity in the 
former instance, because ten thousand generations of its race are bom, live, and perish 
during the period which sensible development requires. It was conceived, therefore, that 
the nebulae furnish the true theory of physical existence — a key to the origin of the 
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worlds and the systems of worlds which are disclosed around us -—an unveiling, too, of 
the early history and first estate of the solar universe — a diffused nebulosity gradually 
advanced by the mutual attraction of its particles into dense spheroids, formed by the 
action of centripetal and centrifugal forces. 

The theory was premature, and subsequent investigation has disproved its data ; but 
in the existing state of observation, it was entitled to attention, because sustained by 
some striking evidence, having certainly far more in its favour than could bo advanced 
for the system of Copernicus in the early stages of its history. The revolution of the 
nebula of Orion, effected by the monster telescope of Lord Rosse, has dispelled the mystery 
from these objects, removed the foundations of the hypothesis which their supposed 
irresolvability originated, and has shown, that all former conceptions of the glory of the 
heavens were absolutely feeble. The history of the event is thus given by Dr. Nichol : — 
“About Christmas, 1845, I had the pleasure of visiting Parsonstown, and saw the nebula 
through that mighty tube. It was— owing to the incompleteness of the instrument and 
unfavourable weather — the first time that the grand telescope had been directed towards 
that mysterious object : and though Lord Rosse warned me that the circumstances of 
the moment would not permit him to regard the decision then given as final, I went in 
breathless interest to its inspection. Not yet the veriest trace of a star I Looming 
unintelligible as ever, there the nebula lay ; but how brilliant its brighter parts I How 
much more broken the interior of its mass! How innumerable the streamers now 
attached to it on every side I How strange, especially that large horn to the north, 
rising in relief out of the dark skies, like a large cumulous cloud ! It was still possible, 
then, that the nebula might be irresolvable by the loftiest efforts of human art ; but 
doubt continued to remain. Wliy, in an inquiry like this, the concurrence of every 
favourable condition is needful to success, may be readily comprehended. It is its aim 
to discern, singly^ a number of sparkling points, — small as the point of a needle, and 
close almost as the particles of a handful of sand ; how easy, then, for any unsteadiness 
in the air, or any imperfection in the instrument, so far to diffuse the light of each that 
they would merge into each other, and thus become confounded in one mass 1 Throughout 
the winter, the noble owner and constructor of the instrument resolved to seize every 
favourable opportunity to penetrate, if possible, the constitution of this wonderful 
object; and at length addressed the following note to Dr. Nichol: — “March 19, 1846. 
In accordance with my promise of communicating to you the result of our examination 
of Orion, I think I may safely say, that there can be little, if any, doubt as to the 
resolvability of the nebula. Since you left us, there was not a single night when, in 
absence of the moon, the air was fine enough to admit of our using more than half the 
magnifying power the speculum bears; still we could plainly see that all about the 
trapezium is a mass of stars ; the rest of the nebula also abounding with stars and ex- 
hibiting the characteristics of resolvability strongly marked. — Rosse.” Thus was the 
problem of the nebulae solved. The theory of worlds passing to their present form by 
gradual condensation from a gaseous state, was deprived of the support it received from 
physical appearances in the heavens. Such appearances are now to be regarded as 
stellar groups, so infinitely remote as to have hitherto yielded no symptoms of ro- 
solvableness to the efforts of human art, yet so vast as to be discernible across those 
spaces, the magnitude of which is perfectly confounding. 

We close this chapter with a reference to the views recently advanced by M. Madler 
of Dorpat, respecting the great centre of the visible heavens, the pivot round which the 
sun carrying with it the whole planetary and cometary system, and .the stars, describe 
immense orbits, premising that the proper motion of the sun in space is generally admitted 
by astronomers. By a series of observations continued through a period of six years, 



190 SCENERY OF THE HEAVENS. 

M. Madler deduced approximations for the position he was seeking, and arrived, after 
persevering exertions at what he conceived to be the true centre in the group of the 
Pleiades. “Although,** he states, “it results, from what precedes, that the region of the 
heavens which I have chosen satisfies the conditions indicated, it is not less necessary 
to sulmiit it to every kind of proof. Many trials with different combinations have con- 
vinced me that no other point could be found to answer so well as the one I have adopted. 
I can state therefore as the result of my researches, that the group of the Pleiades is the 
central group of the entire system of fixed stars extending to the exterior limits deter- 
mined by the Milky Way ; and that Alcyone is the star of this group which appears the 
most probably to be the true Central Sun.’* He calculates, of course as a rough ap- 
proximation, the mass of Alcyone to be 117,400,000 times larger than that of our own 
luminary, the revolution of the latter requiring a period of 18,200,000 years, light 
travelling to us from this central orb in .537 years. These views, emanating from a 
highly respectable quarter, and based on patient and long observation, are entitled to 
I respect ; but most will coincide in opinion with Sir John Herschel, that another generation 
I of astronomers, perhaps many, must pass away, before we are in a condition to decide upon 
. the direction and velocity of the solar motion, and indicate the course in which the prepon- 
I derating gravitation of the sidereal firmament is urging the central body of our system. 

With these notices, the view proposed to be taken of the Scenery of the Heavens 
concludes. It cannot close more appropriately than with the advice to Adam, which 
Milton puts into the mtouth of the angel : — 

■ ** Yet not to earth are those bright luminaries 

I Officious ; but to thee, eartirs habitant. 

And for the heaven’s wide circuit, let it speak 
The Maker’s high MAOMmcENCE ; who built 
So spacious, and his line stretch’d out so far, 

I That man may know he dwells not in his own.” 


Tables exhibiting several Details of the Solar System. 


I. Primary Planets. 



Mean Diitsnce 
from the Sun. 

Perlotllc 
Tlttiei in 
Mean Solar 
Dayi. 

Times of 
Rotation on 
AxU. 

Inclination of 
Orbit to the 
Ecliptic. 

Volume, that 
of the Earth 
being 1. 

Diameter in 
Miles. 

Velocity 
in Miics 
per 

Second. 

]. Sun . 


. 


607h 48m 

0 

i 

II 

1,328,460 

862,000 


S. Mercury 


0*3870981 

87 

24 

5 

7 

0 

9 

0*06 

3,140 

30 

.1. Venus 


0-723331S 

224 

23 

21 

3 

23 

28 

0*93 

7,800 

23 

4. Earth 


1*0000000 

SG5 

24 

0 

. 


. 

1 

7,926 

19 

5. Mars 


1 *5236923 

686 

24 

37 

1 

51 

6 

0*14 

4,100 

15 

6. Flora 


2*2016870 

1193 



5 

53 

4 




7. Vesu 


8*3610810 

1325 



7 

8 

29 

• 

250? 

13 

8. Iris 


2*3806240 

1341 



5 

28 

15 




9. Metis 


2*3856070 

1.345 



5 

34 

27 




la Hebe 


2*4257866 

1379 



14 

47 

5 




11. AstrsM 


2*5770470 

1511 



5 

19 

22 




18. Juno 


2*6708370 

1594 

27 

0? 

13 

S 

22 

. 

79? 

12 

13. Ceres 


2*7680510 

1682 



10 

37 

4 

. 

163? 

11 

14. Pallas 


2*7728580 

1686 


. 

34 

37 

33 

. 

. . 

11 

15. Jupiter 


5*2027760 

4332 

9 

56 

1 

18 

51 

1,470 

87,100 

8 

IS Saturn 


9*5387861 

10,759 

10 

29 

2 

29 

35 

887 

79.160 

6 

17. Uranus 


19*1823900 

30,686 

9 

SO? 

0 

46 

28 

77 

34,500 

4 

IS. Neptune 


30*0368000 

60,126 

- 

- 

1 

46 

59 

- 

41,500 
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A tenth asteroid was discovered at Naples by Signor de Gasparis, April 12, 1849, 
making the nineteenth known primary planetary body connected with our system. 


II. Sbcokuarv Bodies. 


1 . The Moon. 

Elements as established for the commencement of the present century's epoch, on the 
moment of mean noon at Greenwich, January 1, 1801. 


Mean distance from primar]^, 29*982175 times diam. terr. equator, almve 

Mean sidereal revolution, 27*321661423 solar days, or 

Mean tropical revolution, 27*321582418 solar days, or - > 

Mean synodical revolution, 29*5305887215 solar days, or 

Mean motion in a mean solar day ...... 

I nclination of orbit n, ..... . 

Inclination of axis ..... 

Apparent diameter when nearest to us . 

„ , at mean distance .... 

„ , when furthest off - • . . 

Diameter, to earth, as 1 to 3*665, or about .... 

Volume, earth as 1 - 

Density, that of the earth being 1 • 


237,000 miles. 
27d 7h 43m 11s 
27d 7h 43m 48 
29d 12h 44m 2s 
13® lO' 35" 

5® 8' 47" 

1® SO' 10" 

33' 31" 

31' 07" 

29' 21" 

21 60 miles. 

0*615 


2 . Satellites of Jupiter, 



Periodic Times. 

Mean Distance fVom 
Primary in Miles. 

Mean Apparent 
Diameter. 

Mean Diameter In 
Miles. 

First 

d h m 

1 18 28 

260,000 

1"*015 

2508 

Second 

3 13 14 

420,000 

0"*911 

2068 

Third 

7 3 43 

670,000 

1"*488 

3377 

Fourth 

16 16 32 

1,180,000 

1"*273 

2890 


3 . Satellites of Saturn. 



Periodic Times. 

Mean Distance from 
Primary in Miles. 

Discoverer. 

Date of 
Discovery. 

1. Mimas 

d h m 

0 22 87 

120,000 

W. Herschel 

1789 

2. Enceladua 

1 8 53 

150,000 

W. Herschel 

1789 

3. Tethys 

1 21 18 

190,000 

D. Cassini 

1684 

4. Dione 

2 17 41 

243,000 

D. Cassini - 

1684 

5. Rhea - 

4 12 25 

340,000 

D. Cassini - 

1684 

6. Titan - 

15 22 41 

788.000 

C. Huygbens 

1655 

7. Hyperion 

22 12 ? 

1,000,000? 

W. Lassell and Prof. 
Bond. 

1848 

8. lapetus 

79 7 55 

2,297,000 

D. Cassini - 

1671 
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4 . Satellites of Uranus. 



Periodic Tlmei accordinf to 
W. Herscbel. 

Periodic Timei according to 

8ll John Herichel. 

Mean Distance. 




d 

h 

m 

» 

d 

h 

m 

• 


Tint . 



5 

21 

25 

no 

4 

? 



13,120 

Second 



8 

16 

57 

47 

8 

16 

56 

31 

17,022 

Third. 



10 

23 

02 

47 

10 

23 

? 


19,845 

Fourth 



13 

10 

56 

29 

13 

11 

7 

12 

22,752 

Fifth - 



38 

01 

48 

00 

38 

2 

? 


45,507 

Siith • 



107 

16 

39 

56 

107 

12 

f 


91,008 


5. Satellites of Neptune. 

One certain : periodic time, approximately^ 5d 20h 50m 45s : distance about 12 semi- 
diameters of the planet. 

Whole number of secondary bodies as yet known - • - • - 20 

„ primary „ . . . . , J9 

Total 39 


III. Periodical Comets. 



Ilalley’i. 

Encke’s. 

Biela’g. 

Faye’i. 

De Vico’s. 

Brorien's. 

Date of last ap- 

Nov. 15. 1845 

Aug. 9. 1845 

Feb. 11. 1846 

Oct. 17. 1843 

Sept. 2. 1844 

Feb. 2S. 1846 


pcarance 

Period in days - 27,865 

Motion • - Retrograde. 


1205 

Direct 


2.‘193 

Direct 


2718 

Direct 


1993 

Direct 


2042 

Direct 




of the terrestrial globe. The enterprise ofZV"'* of L features' 

and professedly scientific expedltio/s have e,,eh T-?®''**’ ’^'"•rior 

has been the most influential. Differenee nf v “Poration the earliest, and 

Z T* 'T “ to ^wlt IT T'’"” P^oduetionsVve 

this the mutual intercourse of inKok’f i ^ ^'htninod in anothor 

iras grafted, which became subservient tTthe^eljll'iTof'’""" of 

oxpanaion of g.-ograpliieal knowledge. In 
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the earliest notices of Egypt that occur in profane history, we find it become the centre 
of an extensive land commerce. The merchants of Ethiopia brought gold, and ivory, and 
slaves ; the Fhcenicians, wine and timber ; the Arabians, incense and spice ; the Egyptians 
giving in exchange their corn, fine linen, robes, and carpets. The company of traders 
going down to Egypt, to whom Jost^idi was sold by liis brethren, is the earliest recorded 
instance of a foreign commercial transaction, and has all the genuine features of a caravan 
crossing the desert at the present hour. Commerce likewise materially assisted to lay the 
foundation of oceanic adventure, and gradually to improve the means of conducting it with 
safety, the frail and simple raft that was paddled along the rivers giving place to the 
stronger vessel fitted to encounter the perils of the sea. Tyre and Sidon communicated with 
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Western Eutope through their mariners, and their merchant princes trafficked with India 
on the east. Thus was obtained by the nations on the east and south banks of the Mediter- 
ranean, and bordering thereto — the primitive scat of civilisation — a general acquaintance 
with each other’s localities, and more distant regions, afterwards increased by the military 
expeditions of Alexander, and the all-absorbing ambition of Rome. But the world, as 
known to the ancients, was a very paltry span. Of the whole Avestcrn Continent — of the 
greater part of Africa — of North-eastern Europe — of Northern Asia and its eastern 
limits — Ptolemy, the last and most accomplished geographer of antiquity, was entirely 
ignorant; and with him the cultivation of geography and astronomy may be said to have 
terminated, till their mutual revival by the subjects of the Elastern caliphs. In those views 
of the earth embraced by the Arabs, the Homeric notion of a circumambient ocean had a 
place. The dry land was conceived to be bounded by a zone of w'aters, which was its ab- 
solute limit ; the Atlantic receiving the title of the Sea of Darkness, and the northern ocean 
that of the Sea of Pitchy Darkness. It is little more than three centuries and a half since 
the shroud of mystery was removed from the western flood by the bold hand of Columbus, 
and light was poured upon the Sea of Darkness. A course of discovery was then com- 
menced which has now opened to our view a tolerably exact map of the world — the 
extent and configuration of its great natural divisions of land and sea, with their respec- 
tive superficial characteristics. I’here yet remains however to be unveiled a considerable 
portion of ** terra incognita,” chiefly situated within the arctic and antarctic circles, in 
Central Africa, and in Australasia ; and we have still much to learn with reference to the 
geographical character of regions >vhich have long been known and repeatedly visited. 
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Geography, in the widest acceptation of the term, embraces a description of the true 
figure and motions of the earth — the aspect of the superficies, and the mode in which its 
respective parts have been arranged ; with the extent, population, resources, knowledge, 
and arts of particular localities. These are the Mathematical, Physical, and Civil branches 
of the subject ; to the second of which the present section is devoted. It is the province 
of the physical geographer to deal with the features of the external surface of the earth’s 
mass ; and, in strictness of meaning, this is the boundary of his department. But it is 
customary also to treat of atmospheric phenomena and influence ; of the variations of 
climate and temperature ; of the distribution of the different classes of organised beings ; 
and of the causes which have determined the distribution — an arrangement which it is 
difficult to follow without trenching upon ground occupied by other sciences. It is desir- 
able, however, to respect the boundaries which belong to the various branches of physical 
enquiry ; and therefore, wdiilc it will be impossible to avoid touching ufmn the domains 
of Geology, Botany, and Zoology, the avoidance of a trespass will be studied. 



The terrestrial surface presents us with areas of land and water constituting two great 
Natural Divisions. The outlines of each are in a state of constant change ; but the alter- 
ation proceeds so slowly, that apparently they are the same at present, with a few com- 
paratively unimportant exceptions, as at the earliest date of geographical information. 
There is a remarkable diflerencc in the extent of these divisions. The whole area of the 
globe includes about 197 millions of square miles, of which seven-tenths are usually given 
as the proportion of space occupied by the waters, approaching to 1 38 millions of square 
milee, leaving less than 60 millions for the area of the land. The distribution of the two 
is also as unequal as their extent. If we take London to be the centre of a hemisphere, 
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it will contain hj far the greater portion of all the land upon the face of the globe. The 
opposite hemisphere, of which the antipodes of London will be the centre — a point to 
the south-east of New iSealand, near to Antipodes Island — will be a territory in 
which the ocean immensely preponderates, the principal tracts of land consisting of New 
Holland, and the southern extremity of South America. If we consider the two hemi- 
spheres into which the earth is divided by the equator, and the zones into which each is 
subdivided, the unequal distribution of the land and water will also be very apparent. 
Regarding the whole area of each zone as represented by 1, the proportion of land has 
been stated as follows : — 

In t!ic northern part of the torrid *onc .... 0*297 

In the northern temperate zone - - . - . 0*559 

In the northern frigid zone ------ 0*400 

In the southern part of the torrid zone - - - - 0*312 

In the southern temperate zone ----- 0*075 

In the southern frigid zone ------ Uiikiio%vii. 

The great preponderance of the land on the north of the equator over that on the south 
is obvious from this estimate. The former is in proportion to the latter as 16 to scarcely 
5. The proportionate quantity of each, in each zone, according to the preceding state- 
ment, may be thus expressed : — 




Land. 

Water. 

In the whole of the torrid zone 

- *3045 

•6955 

In the two temperate zones 

- 

- *3170 

•6830 

In the two frigid zones 

• 

- *2000 

•8000 

The superficial extent of the land in each zone is generally estimated to be : — 


Sq. Miles. 


Sq. Miles. 

Arctic zone - - - 

3,252,589 

South torrid zone 

- 12,215,735 

North temperate zone 

28,531,631 

South temperate zone 

- 3,828,036 

North torrid zone 

11,628,440 

Antarctic zone - 

- - Unknown. 




Total 59,456,431 


The course of recent discovery, especially since the year 1838, renders some modification 
of these tables necessary in the case of the south frigid zone. Down to the time of 
Captain Cook it was generally believed that a great continent existed around the 
antarctic pole, which figures in the ancient maps as “ Tprra Australis Incognita.” This 
idea was founded upon the loose reports of some southern voyagers, and upon the 
presumption that such a continent must necessarily exist to counterbalance the mass of 
land in the northern hemisphere. The second voyage of Cook was expressly designed 
to solve the problem, and, after penetrating into high southern latitudes without finding 
anything but a few islands, the supposed continent was given up, and land was imagined 
to exist only slightly depressed beneath the surface of the ocean. Within a recent 
interval the enterprise of France has sent out Dumont d’Urville, that of America Charles 
Wilkes, and that of England James Clark lioss; and an extensive coast-line has been 
discovered, probably the boundary of a south polar continent. The preceding calculation, 
therefore, requires alteration so for as it relates to the south frigid zone, but this will not 
affect the general statement of the quantity of land in the northern hemisphere being still 
vastly greater than that in the southern. 

The waters of the globe circumscribing the land form one great continuous ocean. 
This is divided by imaginary lines into various parts, to each of which a distinct name is 
assigned, for the sake of clear and easy reference. The following are three grand 
divisions : — 
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THE NORTHERN BASIN. 

This contains the Arctic Ocean, surrounding the North Pole. It is bounded hy the 
northern extremities of Asia, Europe, and America, and the Arctic circle. The correct 
outline of this bed has however jet to be determined. 

THE WESTERN BASIN. 

This extends from the Arctic circle, on the north, to a line drawn from the extremity of 
Africa to that of America, on the south, and forms the bed of the Atlantic Ocean, divided 
bj the equator into north and south. It is a cliannel between tlie two largest tracts of 
l^d upon the globe, 9000 miles in length, and from 700 to 4000 miles in breadth. 

THE SOUTH-EASTERN BASIN. 

This includes the Pacific Ocean, betwcicn America and Asia, extending in breadth 
nearly half round the globe, or about 11,000 miles, and in length about 8000 miles, from 
Behring’s Straits on the north, to where it meets the Southern Ocean. Tlie latter is 
bounded on the north by a line drawn from Cape Horn to the Cape of Good Hope, thence 
to Van Diemen’s Land, by New Zealand to Cape Horn again. Its limit on the south is 
the Antarctic Continent. This vast bed also comprises the Indian Ocean, lying between 
Africa on the west, the Asiatic islands on the east, Hindustan and Persia on the north, 
and the Southern Ocean. 

Each of these vast oceanic tracts is divided into lesser coin{)artments, or seas — the 
denomination given to considerable collections of water penetrating irdand. Thus, the 
Northern Basin has the White Sea, and tlie Sea of Kara. I'lie W (astern Basin embraces 
the Baltic, North, Mediterranean, and Caribbean Seas. Tla^ South-Eastern Basin 
includes the Red and Yellow St^as, and the Sea of Okotsk. Still smaller collections of 
water running into the land are classed as gulfs or bays, and large inland seas arc so 
entitled which have a broad and open communication with the main deep. Where the 
passage which connects a collection of water nearly laud-locked with the outlying ocean 
is narrow, it is called a Channel ; and, when still narrower, a Strait ; and a Sound, when it 
is shallow. As an example of this, we have the Pmglish Channel, the Straits of Dover, 
and the Sound connecting the Baltic and the North Sea. 

The other great natural division of the surface — is distributed chiefly into two im- 
mense spaces, to which the term continent is applied — a Latin derivative, signifying that 
which is connected. One of these, including Asia, Africa, and Eurojie, is known as the 
eastern, and the other, comprising America, as the western continent, b(5causc one lies to 
the east, and the other to the west, of the meridian of the Feroe Isles, from which longitude 
was formerly reckoned. They are also styled the Old and New worlds, owing to the western 
continent having been unknown till the close of the fifteenth century to the inhabitants of 
the eastern, the parent of nations, the subject of history, the cradle of the arts. Of the ant- 
arctic continent, we know at present too little to do more than merely mention its existence. 
Those portions of the great tracts of land which have peculiar natural features are 
ranged in classes according to their contour. To a considerable projection from the 
mainland into the sea, so as to be nearly enclosed by it, and approaching almost to an 
island, as Italy, Spain, and the Morea, the term peninsula is applied. A narrow slip of 
land connecting two great masses, having the sea on its other sides, is called an isthmus ; 
as the Isthmus of Suez, connecting Asia and Africa; of Darien, joining North and South 
America; and of Corinth, linking the Morea with Northern Greece, where the Isthmian 
Games were celebrated, from which they obtained the name. The smaller projections of 
land into the sea are variously denominated capes, headlands, and promontories. These 
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Leiiotra and Gape Matapan. %' 'f i 

are frequently imposing parts of coast scenery, presentinj* ^ 

a bold and lofty front to the ocean, the whole aspect of ^ 

which the eye can embrace, — this is not the case with '^# 
peninsular projections. Europe terminates on the south- ^ C 

eastern side with the ancient Promontory of Tmnarum, fl 

the inmlern Cape Matapan, of which a distant view is htn'e A .. 4?/ J 

given. This is the extreme point of the Greek peninsula ^ ^ f-n; / ‘ /£ 
to the south, where the range of Taygetus — whose sum- ^ 

mits are often wrapped in snow when the orange tree is \ ^ 

in full bloom on the banks of the Kurotas — meets the sea. y|v. f 

The two great continents present f)oints of resemblance, " 

and of strong dissimilarity. Both are nearly separated 

into two principal parts, a narrow isthmus of sand joining Africa and Asia, and an isthmus 
of rocks connecting North and South America. In both continents also most of the great 
peninsulas pursue the same direction, trending to the south ; as South America, California, 
Florida, Alaska, and Greenland in the new world ; and in the old, Scandinavia, Spain, 
Italy, Greece, Africa, Arabia, Hindustan, Malacca, and Kamschatka ; — a singular, and 
at present completely inexplicable^ circumstance. The western continent has one ex- 
ception to this direction, that of the Peninsula of Yucatan in central America, and the 
eastern continent has another, that of the Peninsula of Jutland in Europe, both of 
which project northerly, and are composed of lowlands of alluvial soil. In the general 
direction of the superficies, in extent and configuration, the two continents greatly differ. 
The land in the new world stretches from north to south, while that of the old world 


proceeds from north-east to south-west, or, leaving Africa out of sight, its direction is 
nearly parallel to the equator. A line drawn from the west coast of Africa about Gape 
Verd to the north-east coast of Asia at Behring's Straits, describes the largest extent 
ot land that can be compassed in the .stime direction on the eastern continent, being equal 
to about 1 1,000 miles ; wdiile a similar line drawn over the western continent from the 
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northern extremity of North America to Cape Horn will fall short of the former by 
an extent of about 2000 miles. Looking at the outline of the continents, we see the 
coast of the old world, excepting Africa, indented perpetually by considerable bays, gulfs, 
and inland seas, while the \ihole western and the south-eastern sides of the new world 
are remarkably smooth, and present no example of a great inland sea. A mutual 
adaptation appears in the configuration of the coast lines of tlie continents between 
which the Atlantic rolls ; and, if joined together, the eastern projection of Soutli America 
seems as though it would fit into the indentation of Central Africa, while the projection 
of Western Africa appears adapted to fill up the indentation of Central America. The 
impression naturally made by this peculiarity of outline is, that the two continents once 
formed an undivided territory, which some tremendous convulsion rent in twain, and put 
asunder. 

Besides the great continents, there are smaller portions of land surrounded by water in 
their neighbourhood, or dispersed over the ocean. These are classed as islands, a group 
of which is called an archipelago, a word of doubtful origin, but first applied to the 
islands of the Aegean Sea, and perhaps a corruption of Aegean connected with pelagus^ 
the sea. The continents are in reality vast islands, and New" Holland, ranked as an island, 
is considered, by some geographers, as entitled to be regarded a continent, on account of 
its extent. The Pacific Ocean has several large families of islands, to which distinct names 
have been given. Those nearest the Asian coast, extending to 10" south latitude and 130" 
east longitude, form one great division, styled the Indian Archipelago. New Holland, New 
Zealand, the New Hebrides and adjacent islands, fonn another division, under the name 
of Australia or southern lands. The remaining islands cast of the Philippines and New Zea- 
land are classed together, forming the Polynesia of the English, and the Oceanica of the 
French. Those clusters of islands which are found in the vicinity of the main land have 
frequently all the appearance of having been once connected with it, and separated by 
some great inundation of the ocean which submerged the levels and slighter elevations. 
A great number of islands are simple acicretions of sand de[>osited by the ocean in the 
course of ages. Others are coral formations, or the work of submarine volcanic action ; 
while many are undoubtedly the summits of chains of mountains rooted in the mysterious 
bexl of the deep, often in continuity with mountain chains on shore. There are some 
examples of small patches of rock, jieeping above the surface of the ocean, at a consider- 
able distance from the coast, which are evidently the j)eak8 of independent submoi'ine 
mountains, llockall in the Atlantic is a spcicimcn of this class, perhaps without a 
parallel in all its circunistances. It lies 290 miles away from the mainland of Scotland, 
260 from the north coast of Ireland, and 184 from any other land, and is nothing but a 
block of granite, seventy feet high, and a hundred yai’ds in circumference, apparently 
from a distance floating on the waves. There is scarcely another instance to be found in 
the wide realm of the ocean of an isle so small and so solitary. 
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CHAPTER n. 


HIGH LANDS OP THE EARTH. 


N taking a rapid survey of the extraordinary linea- 
' ments that characterise the external appearance of 
X J ^ the globe, and constitute its superficies, it is natural 

1 M, to commence with the surface diversities of the land 
^ W regions, and with those that immediately arrest the 
^ i - powerfully interest the mind. These are 

i ^ the elevations. They appear under the various 

f forms of gentle slopes, bold hills, and majestic 

% ; ‘’yaW r eminences which tower above the clouds, and seem to 

claim a sovereign authority over the territory in which they are 
situate. The term mountain is used with a very equivocal 
f meaning, being applied alike to single eminences and to an entire 
' group. It denominates, also, in one country, elevations which in 
another district abounding with those of a superior class would be regarded as mere 
hillocks. It has been proposed to confine the term to eminences ranging a thousand feet 
and upwards above the general surface land, and to regard those which are below that 
standard as simple hills or slopes. The slighter acclivities, whether crowned with grove 
and forest, — whether planted with vegetable productions by the cultivating hand of man, 
or left to the natural grasses, Ibrm the most pleasing features of the soil ; while the loftier 
projections of the supcsrficics, stamped with an air of dignity, and indicating an upheaving 
power of irresistible might in their construction, present to the eye a thousand imposing 
combinations. Fringed with the dark green pine, and spotted with the lighter mosses — 
with naked heads, as if in reverence of an invisible Superior — the mountains captivate 
while impressing the imagination. They are specimens of the fine arts of Nature, the 
gems of continents, wonderful examples of the diverse forms by which the ideas of 
Beauty, Majesty, and Power may be expressed. 

The high lands occur in isolation, or in groups, ridges, and chains. Groups of moun- 
tains have sometimes the ai)pearance of elevations radiating from a central point where 
the height is the greatest, forming a kind of circular cluster ; but clusters of very irregular 
form occur without any principal eminence. The most general arrangement of mountains is 
in chains and ridges — a ridge being simply an inferior chain. To this class those elevations 
belong which are so distributed as to form a kind of zone or band, the breadth bearing little 
proportion to the length ; and whatever direction the zone may take, and whatever shape 
it may assume — that of a straight line, an angle, or a curve — it is said to constitute a 
chain. The term is not meant to signify an unbroken series of projections, answering 
to the appearance of a street in which the buildings, though diversified, are attached, 
but a* series of parts, in many cases distinct, yet lying in the same general direction. 
Many chains consist of one grand central range, accompanied by two subordinate ranges 
of inferior elevation, one on each side, at a diverging distance from the main body, 
and sometimes closing up with it Smaller chains frequently branch oflP from the main 
ridge in an angular direction, as the .Apennines from the Alps, and minor branches shoot 
out from these, which are called spurs when their course is short. The highest points 
of a great chain are usually about the middle, os Chimborazo in the Andes, and Mont 
Blanc in the Alps ; and the most elevated parts of a branch from the main ridge are at 
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tlie points of junction with the parent stem. The first-class chains have almost uniformly 
an abrupt descent on one side, and a gentler declivity on the other. This is the case 
with the Andes, the Alps, the Pyrenees, the mountains of Scandinavia, and the Ghauts 
of India. It was held by Berghaus that the western side of chains extending nortli and 
south is most abrupt, while it is the southern side that is so in the case of those running 
east and west. But the exceptions to this are numerous, and no general rule upon tlic 
point can be advanced, beyond one which applies to chains near the coast, which have 
their steepest sides fronting the ocean. Taurus, Atlas, and Lebanon present their most 
precipitous and craggy faces to the Mediterranean, and the Andes likewise to the Pacific. 
The great chains in general follow the direction in which the land of the continents 
where they are situated has its greatest extent. Thus the ranges, which, with only a few 
breaks, stretch from the south-west coast of Europe to the north-east coast of Asia, 
traverse the old world in the line of its maximum longitude ; and the Andes of South 
America, continued by the Stony Mountains of the North, travel through the new world 
in the direction of its greatest length. The course of subordinate chains, also, as of the 
Apennines in Italy, the Dofrafeld in Norway and Sweden, and the Ghauts in llindustaQ, 
corresponds with the general direction of these peninsulas. 

The length of the principal chains lias been computed as follows : — 


Miles. 

Andes, South America - , - 4.'iOO 

Rocky Mountains, North America - 3(KK) 

Caucasus, from the Black Sea to the Cusjiian 700 
Himalaya, including the Hindoo-Koosh and 

Persian Elburz to the Caspian - - 28(X) 

Alps, from Mount Blanc to near Vienna - 450 
Apennines from the Maritime Alps - 800 


Miles. 

Koucniiin, north IxMiiuliiry ofTliibet - Ib'(K) 

Altai, south houmlnry of Siberia - - 884 

Ural, boundary of Europe and Asia - l.'iOO 

Atlas, African shore of the Mediterranean - 2000 
Scandinavian elmin - - - - 900 

Alleganies, United States - - - 9(X) 

Pyrenees, between France and Spain - 200 


The insulated mountains, or those which are apart from any group or chain, are not 



Mount Kgmoat in New Zealand. 



202 


PHYSICAL GEOGBAPHY. 


numerous. They are generally, though not always, either active or extinct volcanoes. 
The rock of Gibraltar, which rises up to the height of 1500 feet from the level beach of 
the Mediterranean, the Peak of Teneriffe, and Mount Egraont in New Zealand, are fine 
specimens of this class. Tlie latter is an extinct volcano, and may be seen from a vast 
distance, ascending above the line of perpetual snow. The mountain is in shape a perfect 
cone, situated on a projecting headland, about twenty miles from the coast. Tlie neigh- 
bourhood is one of the most fertile districts of New Zealand; and has been selected as the 
site of the settlement of New Plymouth, from whence the symmetrical form and white 
brow of Pouke-e-aupa[m, the ancient name of Mount P^gmont, forms a striking object. 

The contour of mountains exliibits almost every kind of variety, and their aspect 
changes as an observer extends his distance from tliem, lesser irregularities being lost in 
the general outline, and different colours becoming merged in a uniform shade. The 
appearance of solitary individual objects is generally conical; but others are circular, 
elliptical, or saddle-backed. The Table Mountain at the Cape of Good Hope has the shape 
of a gigantic altar. In the case of a number of contiguous mountains, their summits 
are often needle-shaped, or like the domes of Roman architecture. In many in- 
stances the entire mass resembles a vast wall, with battlements and towers, after the 
manner of an ancient fortress, and sometimes mountains ai)pear piled upon each other, 
forming a succession of gigantic terraces. One of the most extraordinary mountains in 
its configuration is in the Mauritius, a volcanic region, and bears the name of Peter 

Botte. The name is derived from an un- 
fortunate adventurer, who, according to 
tradition, after reaching the summit, pe- 
rished in the descent. An enormous 
mass, of a globular shape, forms the head 
of the mountain. It rests upon a pe- 
destal of rock, of a conical form, upwards 
of three hundred feet high, and overhangs 
it by several feet. At the bottom of the 
j)edestul, a narrow strip of land runs out, 
about six feet broad, and twenty yards 
long, on two sides of which a precipice 
goes down direct fifteen hundred feet to 
the plain, the other side being a very 
steep wooded gorge. The view from the 
narrow ledge, as may be imagined, is 
tremendous in the extreme, and the still 
ascending conical rock with its overhang- 
ing head seems secure enough from the 
intrusion of man. The I’eter Botte has been usually considered inaccessible. Many 
endeavours to reach the t<»p have been made without success, but the enterprise was 
at length effected in the year 1832, by the skill and daring of a party of British ofiScers, 
w ho, after surmounting the uppermost block, spent the night immediately under it. 

The internal structure of elevations, as well as their external shape, displays great 
diversities. In fact, their outward character has been determined in a great degree by 
the substances of which they are composed. The granite mountains are the loftiest upon 
the surface of the globe, and present the most rugged and broken aspect, with very pre- 
cipitous sides. Those of gneiss and mica slate are not so wild and irregular, nor are their 
declivities so steep; and those composed of secondary formations — sandstone, limestone, 
and greywacke — are of inferior ele\‘ation compared with the former, and the declivities 
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arc more gentle. Humboldt has pointed out a striking difference between the great 
mountains of the eastern and western continents. Mont Blanc, and others of the higlier 
Alps, lift their granite heads far above the clouds, and, with the Himalaya, form the 
loftiest points of the old world; but in America the newest floetztrap or whinstone, 
which in Europe appears only in low mountains, or at the foot of those of great magni- 
tude, covers the mightiest heights of the Andes. Chimbora 9 o and Antisana are crowned 
by vast walls of porphyry, rising to the height of six or seven thousand feet ; while 
basalt, which in our continent has never been observed higher than four thousand feet, is, 
on the pinnacle of Picliincha, seen rearing aloft its crested steeps, like towers amidst the 
sky. Other secondary formations, as limestone, with its accompaniment of petrified 
shells and coal, are also found at greater heights in the new than in the old world, 
though the disproportion is not so remarkable. 

The most elevated European sites are found in the Alps, many of which have been 
reached by the foot of man, but not without great difficulty and peril, and in the attempt 
fatal accidents have repeatedly occurred. Mont Blanc, the centre and highest summit of 
the great Alpine range, an enormous mass of primitive rock, rises to the height of 15,750 
feet above the sea level, and is visible at Dijon, a distance of one hundred and forty miles. 
The form of the mountain is pyramidal as seen from the north and south, but from the 
valley of Chamouni it resembles the back of a dromedary, on account of which Basse de 
Dromedaire is one of its local titles. Tlie extreme summit, a ridge nearly two hundred 
feet in length, was reached for the first time in August 1785, by Dr. Paccard and James 
Balma ; and the year following, Saussure succeeded in th(5 same enterprise, remaining 
five hours upon the top making scientific experiments. In the autumn of 1834, Dr. 
Barry ascended, passing by “ chasms of unfathomable depth, towers of ice, caverns of 
almost crystal walls, splendid stalactites guarding the entrance.” His principal guide 
had been up eight times before, the survivor of four swei)t away by an avalanche in 
Dr. Hamers attempt in 1820. In the year 1804, the Archduke John offered a reward 
to whosoever reached the summit of the Ortler Spitz, the highest of the Rhsetian Alps. A 
native of the Passayer, accompanied by two ()easant8, accomplished the enterprise, before 
considered impracticable, starting with the full moon at midnight. Travellers, naturalists, 
and the daring peasants of the c()untry have scaled many of the other lofty Alpine 
peaks, and now the Jungfrau or Virgin Mountain, so called from its supposed inaccessi- 
bility, has had the foot of the Swiss hunter upon her brow. The highest parts of Africa, 
as at present known, are in Abyssinia, but fall below those of Europe, though very 
nearly equal to them. Some of the summits of the Atlas range are supposed to reach 
12,000 feet, and the high lands of Ethiopia approximate to the loftiest of the Alps. 
Asia possesses in the Caucasus and eastern Taurus some very elevated positions. The 
culminating point of the latter, the Peak of Demavend, about forty miles from Teheran 
in Persia, was ascended by Mr. Taylor Thomson in the year 1 837, who found its height, 
by barometric measurement, to be 14,300 feet above the level of the ocean. The snow- 
crowned head of the towering Kasibeck, situated towards the European extremity of the 
pass of the Caucasus from Russia into Georgia, is estimated by Professor Parrot at 
2400 fathoms, or 14,000 feet, above the level of the Black Sea ; but this is exceeded 
by Elbfirz, which attains the height of 16,700 feet, and the two peaks of the celebrated 
Ararat are still loftier. “ These inaccessible summits,” says Sir Robert Ker Porter, 
“ have never been trodden by the foot of man since the days of Noah.” Tourneforte was 
obliged to abandon the enterprise in the year 1700, after having endured great fatigue. 
At a more recent period, the pacha of Bayazeed fitted out an expedition, and built huts 
supplied with provisions at different stations ; but his people suffered severely amid the 
snows and masses of ice, and returned without accomplishing their purpose. The state- 
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mtsfA of Porter, true in 1820, ceased to be so nine years afterwards. Professor Parrot in 
effected the ascent of Ararat, and in 1884 the mountain was again scaled by 
U. Autonomofl^ in order to yindicate the reputation of the Prussian traveller, whose 
veracity had been called in question by the Armenian ecclesiastics, and the American 
missionaries Smith and Dwight. Its height is given at 17,260 feet, which exceeds by 
1628 feet the highest elevation of Europe; but the table land of Armenia, from which it 
rises, is stated by Ritter to be 7000 feet above the level of the sea. There is a far 
greater elvation attained by some of the Himalaya Mountains, which separate the valleys 
of Cashmere from Thibet, and present the loftiest projections to be found upon the ter- 
restrial surface. On the west, Javaher rises to the height of 25,746 feet, and on the east, 
Dhwalagiri, to 28,000 feet above the sea. The highest summit on the new continent was 
once supposed to be Chimboru 9 o, in the Andean chain, and likewise the greatest altitude 
on the surface of the globe, but it is now deprived of the distinction. Though 21,440 feet 
above the level of the ocean, and one of the grandest objects in the great American 
range, it is lower by nearly the whole height of Vesuvius than the Nevada di Sorata, in 
the eastern cordillera of Peru. Our own Ben-Nevis has recently been shorn of a similar 
honour. Long regarded as the monarch of the British mountains, it is now known to be 
surpassed in height by Bcn-Mac-Dui, in the group of Cairngorm, on the borders of Inver- 
ness-shire. The mean height of the Andes, apart from projecting cones, is estimated at 
6000 feet in Patagonia, 8000 in Chili, and 15,000 in Peru. 

The estimated heights of the principal mountains are given in the table below, but a 
few of these have not been determined with accuracy. A remarkable instance of close 
approximation in calculating the height of Etna, occurred between independent observers, 
pursuing different methods, at distinct times, unknown to each other. The Sicilians, vain 
of their mountain, attributed to it an elevation of 13,000 feet, which Captain Smyth, when 
surveying in the Mediterranean, reduced by more than 2000, an abridgment which 
raised no little anger and contention. The result was subsequently verified by Sir John 
Herschel ; — ** The height,” observes the latter, “ of the higher of the two summits of 
Etna, which I measured barometrically in 1824, came out to be 10,872^ English feet 
above the level of the Sea of Catania. Captain Smyth^s result, with which I was not 
acquainted till long after the calculation of my own, gave 10,874. I have also, some- 
where or other, though I cannot lay my hands on it, a memorandum of a zenith distance, 
observed by Cacciatore, of the summit of Etna, from Palermo ; the result of which, calcu- 
lated by a terrestrial refraction index, concluded by Cacciatore and myself, from observ- 
ations by him and myself, on Monte Cuccio, gave a total altitude of -®tna agreeing 
within a very few feet indeed of the same ; so that I have no doubt the above is very 
good, unless that summit have since been blown .up or blown down.'* It has been 
imagined that most of these chains are mutually connected, and form one grand consecu- 
tive scheme of high lands stretching through the extent of both continents, in the form of 
a vast irregular arch. Could a spectator command a view of the globe, supposing him to 
stand in New Holland facing the north, he would see on his right hand a continuous sys- 
tem of high mountains extending along the entire coast of America, linked with Asia by 
the Aleutian Isles. He would see also a chain on his left hand running along the coast of 
Africa, passing through ALrabia into Persia, mingling there with the range that traverses 
Europe from the Atlantic, and merging in the mountains of central Asia, which are con- 
tinued north-easterly to Behring’s Straits, and form the spine of the old world. Thus, 
while these chains of mountains, when viewed in detail, appear isolated and utterly unsys- 
tematic, yet when the globe is contemplated upon a grand scale, they seem to constitute 
one immense range in the form of an irregular curve, with outshoots from it, bounding the 
bed of the Pacific, on the north, east, and west. 
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Europe. 


Mont Blanc 

- 

- Alps - 



Feet. 

15,750 

Snechaetha 

Dovrefield, 

Norway 


Mont Rosa 

- 

“ f* ■ 

- 


15,150 

Lomnitz 

Carpathian 


Finster-aar-Hom 


- 


14,109 

Deneskin Kamen 

Urals 



Jungfrau - 

- 

“ » “ 

- 


13,716 

Mont Mezin 

Cevennes - 



Ortler Spits 

- 

I. - 

- 


12,852 

Puy de Sancy 

Auvergne 



Mulhacen 

- 

- Grenada, 1 

Spain 


11,678 

Ben-Mac-Dui 

Scotland - 



Nethou - 

- 

- Pyrenees 

- 


11,427 

Vesuvius 

Italy 



Perdu - 

- 

• M “ 



11,275 

Hecla 

Iceland - 



Etna 

- 

- Sicily - 

- 


10,873 

Snowdon 

Wales - 



Monte Como 

- 

- Apennines 

- 

- 

9,523 

Stromboli - 

Lipari Isles 



200 


Feet. 

8,122 

7,962 

5,387 

5,819 

6,215 

4,390 

3,978 

3,690 

3,500 

3,020 


Asia. 




Feet. 




Feet. 

Dhwalogiri 

Himalaya - 

- 28,000 

Ophir - 

- - 

Sumatra - 

- 13,840 

Javaher - - - 

»» 

- 25,746 

Egmont 

- 

New Zealand - 

- 11,430 

Ararat - . - 

Armenia 

- 17,260 

Bieloiika 

- 

Altain chain, Tartary 11,063 

Elburz - - - 

Georgia 

- 16,700 

Lebanon 

- 

Palestine 

- 9,600 

Mouna-Kea 

Sandwich Isles 

- 13,764 

Awatsha 

- 

Kamschatka - 

- 9,600 

Peak of Demavend - 

Persia 

- 14,300 

Bithynian 

Olympus 

Anatolia • 

- 6,500 

Kasibeck - - - 

Georgia 

- 14,400 

Sea View Hill 

New South Wales 

- 6,500 


Africa. 





Feet. 

Feet. 

Geesh 

- 

Abyssinia 

- 15,000 

Clarence Peak - Fernando Po - 10,655 

Peak of Tenerifie 

- 

Canary Isles 

- 12,180 

Table Mountain - Cape of Good Hope 3,582 

Miltsin 

- 

Barbary 

- 11,400 

i Diana's Peak - - St. Helena - - 2,692 




America. 




Feet. 

Feet. 

Nevada di Sorata 


Andes 

- 25,400 

Mount St. Elias - California - - 17,863 

Nevada d' Illimani 



- 24,450 

Silla dc Caraccas - Venezuela - - 8,633 

Chimborazo 


>» “ 

- 21,425 

Blue Mountains - Jamaica - - 7,278 

Antisana 


n 

- 19,136 

Mount Washington Appallachians - 6,650 

Cotopaxi 


n 

- 18,867 

Itacolumi - - Brazil - - 5,756 

Popocacepetl - 


Mexico 

- 17,720 

Saddle Mountain - Massachusetts - 4,000 




Antarctic 

Continent. 




Feet. 1 

Feet. 

Mount Erebus and Mount Terror - 

. 10,000 1 

Mountains in Adelie Land . • - 1500 


In the annexed list, the eleyation of several remarkable localities are stated, with some 
of the highest altitudes occupied by man, and reached by him. 

Feet. 

Ascent of Gay Lussac, at Paris, in 1 804 22,900 

Greatest altitude attained by MM. Humboldt and Bonpland on Chimborazo in 1802 19,400 

Highest flight of the condor on the Andes ------- 21,000 

Manerring Pass in the Himalaya, crossed by Captain A. Gerard - - - - 18,612 

Absolute height of a village in the Himalaya, visited by Gerard, perhaps the highest inhabited 

spot on the globe - -- -- -- -- 13,500 

Farm of Antisana, the highest inhabited spot on the Andes ----- 13,435 

Manasaroa lake in Thibet --------- 14,.500 

Milum Temple, near the source of the Ganges ------ 13,000 

Greatest altitude of the peach, apricot, and walnut growing luxuriantly in the Himalaya - 9,000 

Thick woods 6€ pines and birch trees in the Himalaya, the latter attaining a large sise • 14,000 

Bushes seen in the Himalaya 17,000 
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Abtolnte elevation of popUun found by Oerard in the Himalaya, twelve feet in girth 
Highest point of road across the Andes . . . - • 

Elevation of Quito, the highest city of the globe - * . > . 

Elevatbn of Santa Fe de Bogota 
Elevation of the city of Mexico 

Highest pass in Europe, that of the Cervin, over the Pennine Alps • 

Highest constructed road in Europe, the pass of the Order Spiti - • 

Pass of the Col de Tende over the Maritime Alps . - - • 

Pass of Mount Cenis over the Graian Alps - - - • * 

Pass of the Simplon over the Pennine Alps - - - - - 

Highest inhabited spot in Europe, the convent of St. Bernard - - 

Convent of St. Gothard 

Mine of Real del Monte in Mexico ------ 

Highest growth of Peruvian bark ------ 

Lake Lucon in Switserland ------- 

Residence of Bonaparte in St. Helena, Longwood House . - - 

Lake of Geneva - -- -- -- - 


Feet. 
12, OCX) 
11,499 
9,542 
8,727 
7,520 
11,096 
9,100 
5,887 
6,773 
6,578 
8,606 
6,900 
9,120 
9,590 
6,220 
2,000 
1,207 


Contemplating the projections of the surface with reference to their absolute elevation 
I above the level of the sea, some of them appear protuberances of enormous bulk, and we 
are apt to imagine that they must detract largely from the regularity of the earth’s 
spherical form. But they become insignificant when compared with the volume of the 
globe itself, the highest eminence, that of between five and six miles, being only about 
of the semidiametcr of the sphere. They bear therefore much the same proportion 
to the terrestrial spheroid as the little risings on the coat of an orange to the fruit. 
Books of travels abound with conflicting statements respecting the distance from which 
particular mountains may be seen. The length of the line of visibility is not only 
influenced by conditions of the atmosphere, but by the character of projections, apart 
from their height. The Peak of Teiieriffe is not so frequently visible at the same 
distance as those tops of the Andes which arc of corresponding elevation, not being, like j 
them, invested with perpetual snow. Humboldt remarks, that the cone of the former, i 
no doubt reflects a great degree of light on account of the white colour of the pumice | 
with which it is covered ; but its height does not form a twenty-second part of the total j 
elevation, and the sides of the mountain arc coated with blocks of dark-coloured lava, ! 
or with luxuriant vegetation, the masses of which reflect little light, the leaves of the ! 
trees being separated by shadows of greater extent than the illuminated parts. He refers | 
therefore the Peak to that class of mountains which are seen at a great distance only in i 
a negative manner, or because they intercept the light transmitted from the extreme 
limits of the atmosphere. Still, it has been observed at the distance of 124, 131, and even 
138 miles; and the summit of Mowna-Roa in the Sandwich Islands has been seen, at 
a period when it was destitute of snow, skirting the horizon from the distance of 183 
miles. This is the most remarkable example yet known of the visibility of high land, 
and as Mowna-Roa was negatively seen, both cases refute the theory of BoUguer, that 
mountains seen negatively cannot be perceived at distances exceeding 121 miles. 

The summits of the superior elevations are regions of perpetual snow and ice, and 
below the limits of constant congelation there is a zone in which snow lies upon the 
surface through the greater part of the year. The accumulations above and near the 
line where perpetual frost commences, constitute some of the most dangerous and terrible 
phenomena of high mountain districts. When the mass becomes so great that the 
inclined plane on which it rests can no longer support it, or when the pile which has 
been heaped together by tlie winter snow-storms becomes loosened by die action of the 
sun in spring and summer, it descends with immense violence from its site into subjacent 
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valleys, sometimes filling them up with its volume, and burying man, beast, and village 
beneath its load. The avalanches composed simply of drifts, are not so dangerous and 
destructive as those of snow rendered clammy by a thaw. The former may frequently 
be removed without much damage being sustained, but the latter are precipitated in 
compact masses, and carry away or crush the objects that lie in their path. In the 
canton of the Orisons, an avalanche descended in the year 1749, upon the valley of 
Tawich, and entirely covered the whole village of Rueras. The snow torrent fell in 
the night without disturbing some of the inhabitants, who, on awaking in the morning, 
were surprised that the day did not break; — sixty out of a hundred persons were 
rescued from their perilous situation alive, a sufficient quantity of air to support life 
being obtained through interstices in their snowy canopy. In the same canton, an 
avalanche descended upon Val Calanca in 1806, which removed a forest from its site 
to an opposite side of the valley, and fixed a fir-tree upon the roof of the parsonage 
house. Avalanches occur in the Pyrenees and in Norway, but are most frequent in 
the high Alps owing to their abrupt and precipitous declivities. They are often set in 
motion by vibrations of the air, such as the discharge of a musket, or a peal of thunder, 
or the mere passage of a traveller will produce it ; and hence in districts subject to them 
a cautious silence and wary footsteps are enjoined upon the inexperienced visitor. 
Professor Forbes gives a striking instance of encountering a highly electrical condition 
of the atmosphere, when at a considerable elevation in the Alps : “ We were still above 
9000 feet above the sea, when I noticed a curious sound which s(?emcd to proceed from 
the Alpine pole with which I was walking. I asked the guide next me whether he 
heard it, and what he thought it was. The members of that fraternity are very hard 
pushed indeed, when they have not an answer r(*ady for any <*niergency. He therefore 
replied with great coolness, that the rustling of the stick proceeded from a worm eating 
the wood in the interior. This answer did not appear to me satisfactory, and I therefore 
applied the experimentum crucis of reversing the stick, so that the point was now 
uppermost. The worm was already at the upper end. I next held my hand above my 
head, and my fingers yielded a fizzing sound. There could be but one explanation — 
we were so near a thunder cloud as to be highly electrified by induction. I soon 
perceived that all the angular stones were hissing round us like points near a powerful 
electrical machine. I told my companions of our situation, and begged Damatter to 
lower his umbrella, which he had hoisted against a hail shower, and whose gay brass point 
was likely to become the paratonnerre of the party. The words were scarcely out of 
my mouth when a clap of thunder, unaccompanied by lightning, justified my precaution.” 
The thunder clap, the hunter’s horn, or even the human voice, has frequently shook the 
nicely poised avalanche from its site, and hurled it into lower regions, crushing trees, 
sweeping away rocks, and damming up the streams that have lain in its course. 

Besides accumulations of snow, we meet with glaciers in high regions, or extensive 
fields of ice. These are formed from the snow -fields, partially thawed and subsequently 
frozen. The water yielded by the melting of the surface, in connection with rain, 
percolates through the mass, which acquires consistency, and is converted into compact 
ice by a depressed temperature. Iceland is appropriately named from the number and 
extent of its glaciers, which are there known by the name of Yokuls, signifying large 
masses of ice. The most extensive, the Klcfa Yokul, in the eastern quarter of the island, 
is a vast chain of ice and snow mountains, supposed to fill a space of not less than three 
thousand square miles. Some of the Yokuls are remarkable for their vacillation, not 
remaining in a settled position, a peculiarity common to the Alpine glaciers. These ice 
formations are found among the Norwegian highlands, in the chain of the Pyrenees, upon 
the Sierra Nevada of Spain ; but their grand European site is the Alps. “ If,” says 



208 PHYSICAL GEOGRAPHY. 

Saussure^ ‘‘ a spectator could be placed at a sufficient height above the Alps, to embrace 
at one view those of Switzerland, Savoy, and Dauphin4, he would see a mass of mountains 
intersected by numerous valleys, and composed of several parallel chains, the highest in 
the middle, and the others decreasing gradually as they recede. The central and highest 
chain would appear to him bristled with craggy rocks, covered, even in summer, with 
snow and ice in all those places that are not absolutely vertical ; but on both sides of the 
phitlfi, he would see deep and verdant valleys, well watered and covered with villages. 
Examining still more in detail, he would remark that the central range is composed of 
lol^ peaks and smaller chains, covered with snow on their tops, but having all their 
ak^es that are not very much inclined, covered with ice, while the intervals between 
them form elevated valleys filled with immense masses of ice, extending down into the 
deep and inhabited valleys which border on the great chain. The chain nearest to the 
centre would present to the observer the same phenomenon, but on a smaller scale, 
beyond which he would see no more ice, nor even snow, save here and there on some of 
the more elevated summits/* Saussure therefore recognised two kinds of glaciers ; the 
first contained in the valleys, more or less deep, and which, though at great elevations, 
are still commanded on all sides by mountains higher still ; the second not contained in 
valleys, but spread out on the slopes of the liigher peaks. 

The glacier system of the Alps embraces an extensive area. M. Ebel estimates, that 
there may be at least four hundred of the larger sized glaciers, or varying from three to 
thirty miles in length. The aggregate superficial extent of all those of the Tyrol, 
Switzerland, Piedmont, and Savoy, is calculated by some authorities to amount to not 
less than fourteen hundred square miles. The greatest breadth of an individual specimen 
is seldom more than two miles. The thickness varies from a hundred to six hundred 
feet. The glaciers arc moving masses, urged down the inclined planes upon which 
they are situate by the mutual pressure of their parts, a movement which the seasons 
accelerate or retard according to their character. This motion gives rise to the 
extraordinary spectacle, of summer productions and winter formations being sometimes 
in immediate contact with each other, the ice.-iiclds obtruding into flowery meadows, and 
gradually forcing their way into the regions of cultivation. According to Professor 
Forbes, the very huts of the peasantry are sometimes invaded by this moving ice, and 
many persons now living have seen the full ears of corn touching the glacier, or gathered 
ripe cherries from the trees with one foot standing on the ice ! The rate of advance of 
different glaciers varies considerably. M. lilbel states, that in the valley of Chamouni, 
they travel at about fourteen feet a year, while in that of Grindelwald, the glaciers move 
rather faster, at the rate of twenty-five feet in a year, a difierence probably attributable 
to the ground being variously inclined. The same glacier will also make more progress 
in one year than in another, according as a summer of lesser or greater warmth renders 
its liberation more or less complete. Captain Hall remarks upon the ploughing up of the 
ground lying before a glacier by its snout as an obvious proof of its progression, and 
instances the remarkable case of the glacier of Brenva falling into the lower part of the 
Allde Blanche, fairly crossing from one side of the valley to the other, and being so 
irresistibly pressed forward by the weight of snow on its shoulders, high up the sides of 
Mont Blanc, that on reaching the opjiosite side of the valley, it actually travels for a 
considerable distance up the bank. “ The guides,** he remarks, “ pointed out the corners 
of green fields, peeping out from the sides of the glacier in the middle of the valley, 
and showed us traces of walls and fences which had belonged to large villages, now entirely 
obliterated by the moving mass. I took notice of one circumstance, which told the 
fatal story very well. We had walked along a well-worn footpath till our course was 
abruptly stopped by the edge of the glacier ; but on crossing over it, we re-discovered 
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our footpath, which had been quite hidden by the intervening mass.” There is n limit, 
however, put to the encroachments of the glaciers. The lower extremities arc gradually 
thawed away in the warm atmosphere of the valleys, so that though pushed forward by 
the weight of ice and snow accumulated at the upper extremities during the winter, 
there is a “bound fixed by a perpetual decree,” beyond which they cannot pass. 
Coleridge strikingly alludes to these formations in his Hymn before Sunrise in the Vale of 
Chamouni ; and science will not quarrel with him for the line which expresses the o[)tical 
appearance, rather than the philosophical troth. 

Ye ice-falls ! ye that from the mountain** brow 
Adown enormous ravines slope amain — 

Torrents, methinks, that heard a iniglity Voice, 

And stopp'd at once amid their maddest plunge !«- 
Motionless torrents 1 Silent cataracts I 
Who made you glorious as the gates of heaven 
Beneath the keen full moon ? Who hade the sun 
Clothe you with rainbows ? Who with living flowers 
Of loveliest blue, spread garlands at your feet? 

God ! let the torrents, like a shout of nations, 

Answer ! and let the ice- plains echo, (iod I 

God 1 sing, ye meadow-streams, with gladsome voice I 

Ye pine-grovus, with your soft and soul-like sounds ! 

And they, too, have a voice, yon piles of snow, 

And in their perilous fall shall thunder, God 

The glaciers exhibit a singularly diversified aspect, hues varying from the purest white 
to a blue and green tinge, surfaces resembling in some parts a smooth and polished 
mirror, and in others a sea frozen wlum angry and t(*inpest-tost. 

But of all the phenomena exhibited by the highlands of the globe, tliose of thc! active vol- 
canoes are the most peculiar and sublime. The term is derived from V ulcanus, the imaginary 
god of fire among the Homans, and is applied to those mountains which are the vents 
of igneous action-, ejecting from their sides or summits flame, smoktf, ashes, and lava 
streams. They are in general elevations of a conical form, terminating at the summit 
with a hollow, called a crater or cup from its shap(% Smoke is constantly issuing from 
the tops of some of these mountains, but the violent paroxysms during which stones are 
discharged, and torrents of red-hot lava, occur only at distant and irregular intervals. The 
eruptions frequently issue from several openings or smaller craters, within the superior 
one, the number and size of which are considerably varied by eras of disturbance. 'J'hese 
eras are generally preceded, in some iiistanciis for several weeks, by the shocks of 
earthquakes, or by immense colutnns of smoke issuing from the volcano about to exhibit 
explosion, often involving the neighbouring country in darkness. Sounds resembling 
the successive discharges of a park of artillery arc then heard, followed by sudden flashes 
of flame, and showers of stones. A stream of lava next bursts forth from the side of the 
mountain, or in a great eruption from the crater, flowing in a sluggish fiery current 
down the declivities. After the lava ceases to flow, the volcanic asluis, (roni])osed of 
various materials, are thrown out of the summit in immense quantities, suflieieiit to cover 
the vicinity for miles. The products of volcanoes differ to sonu! extent, tliose of America 
casting out water, and in some instances fish, besides the ordinary materials. It is singular, 
also, that in the New World, the active volcanic sites are chiefly continental, while in the 
Old World they are mostly found in the islands. In both regions, however, they are 
almost invariably situated near the sen, or some inland collection of water. Upwards of 
three hundred are known to exist, distributed as follows, according to Girardin’s table, 
which, however, is only approximative : — 
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In addition to the abcfve, Mount KreboH, on the tiouth polar continent, ii9 an active 
volcano of immenHC Hizc. The mass and elevation of voleam>e8 seem to regulate the 
occurrence of eruptions, the smallest being the most active. Thus Stromboli, an inferior 
elevation, is almost always flaring as the great lighthouse of nature in the Mediterranean. 
Vesuvius, far less than Ktna, is the most active of the two, while Cotopaxi, a mountain 
of enormous volume, reposes lor centuries. 

Of existing volcanic action, the most sublime and im[>osing example perhaps to be found 
in the world, is in the island of Hawaii, formerly called Owhyhee. The whole island 
seems to be an immense hollow cone, having an area of 400() square miles, and attaining 
an elevation of 16,000 feet, the height of Mowna lloa. It forms a pyramidal chimney 
over a vast incandescent mass burning beneath it, and also under some part of the bed of 
the surrounding ocean, having numerous vents through which the furnace below commu- 
ni(!utes with the atmosphere above. Lord llyron and a party of oflicers from the Blonde 
frigate, with the Bev. Mr. Stewart, visited the crater of Kilauea, near the base of Mowna 
Roa, and witnessed a sceme, says the describer, more horribly sublime than any thing he 
had ever imagined to exist even in the idler visions of unearthly things. Arrived at the 
brink of the crater, they stood looking down into a fearful gulph, fifteen hundred feet in 
depth, and upwards of two miles in circumference. The edge of the crater was so steep, 
that it seemed as if by a single leap they could plunge into the lowest abyss. Its surface 
had all the agitation of an occain. Billow after billow tossed its monstrous bosom into the 
air, and occasionally the waves from opposite directions met with such violence as to dash 
the fiery spray in the concussion forty or fifty feet high. Such was the agonising struggle 
of the action within — the appalling sounds of the conflicting elements, muttering and sigh- 
ing, groaning and blowing, that one of the party shrunk hack exclaiming: — “ Call it weak- 
ness, or whatever you please, but I cannot look again!” About fifty cones of various height, 
active chimneys of volcanic fire, were counted in the abyss. Volumes of smoke and steam 
were ascendipg from these vents, but as the evening closed, fire after fire appeared glim*- 
mcring through the vapour. Some of the cones were ejecting fragments of rock ; others, 
ashes, lava, and boiling water ; streams of fire seemed to be running among the labouring 
craters ; forming a scene which, in connexion wdth the roar of the elements bursting from 
their prison, reminded the party, as one of them expressed it, of the lake that burneth with 
lire and brimstone. To the bottom of the abyss it is well known that a Christian convert 
descended, and plunged a stick into the fiery deluge ! an act of female heroism to dispel 
the illusion of her countrymen, who were spectators at a distance, and who fancied that Peli, 
the g(Hl of the Kilauea fires, would punish with instant destruction any violation of his 
sanctuary. 

One of the most tremendous volcanic eruptions ever recorded, was that wdiich issued 
from the Tomboro mountain in the island of Sumbawa, for an account of which we are 
indebted to Sir Stamford Raffles. It began on the 5th of April, 1815, and continued 
with some intermissions until the June following. The sound of the explosion was heard 
at I'ernate on the western coast of Gilolo, a distance of seven hundred and twenty geo- 
graphical miles : and in Sumatra, which is nine hundred and seventy. In some parts of 
the island violent whirlwinds carried up men, horses, and cattle into the air; the sea was 
covered with the trunks of trees which had been tom up ; and the ashes from the moun- 
tain, wafted to Tara and Ccleb(*s, a distance of three hundred miles, caused a darkness in 
the daytime more profound than had ever been known in the darkest night. To the west 
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of Sumatra the sea was coated with a mass of cinders two feet thick, and many miles in 
extent, and ships with difficulty forced their way through it. “ We grounded,** says one 
of Sir Stamford’s correspondents, on the bank of Bima town. Tht anchorage of Bima 
must have been altered considerably, as, where we grounded, the Ternate cruiser lay at 
anchor in six fathoms a few months before.” The area over which the effects of the 
eruption extended was upwards of two thousand Englisli miles in circumference : the 
surface of Sumbawa was considerably altered ; acclivities were turned into valleys, and 
valleys into elevations ; and of its unfortunate inhabitants, out of a population of twelve 
thousand, only twenty^six persons escaped. 

The volcanic regions include those where there are active vents and extinct craters, 
with intervening districts often shaken by earthquakes and alK>unding with hot springs, 
the evidences of subterranean igneous action. There are three large continuous areas of 
this kind. 

To the island at the southern extremity of America, Magalhaens gave the name of Terra 
del Fuego, or the land of fire, no doubt from the sensible display of igneous activity ; for 
the assertion of Malte Brun is corroborated by tlie evidence of Captain Hall with reference 
to the existence of an active volcano at the present time. Pnn’eeding northward along 
the coast wliich fringes the Pacific Ocean, there is scarcely one degree of latitude from 
46® to 27® in which there is n(»t an active vent. The Chilian volcanoes rise up through 
granitic mountains. Villarica, one of the principal, is always burning, and so lofty as to 
be distinguished at the distance of a hundred and fifty mih^s. A year never passes 
without some slight shocks of earthquakes in the pr<»vince, and about once in a century, 
or oftener, tremendous convulsions shake the land from one tmd t(> the other. In Peru 
there is the same continual disturbance of the surface, more or less violent, though only 
one active volcano is at present known. Still further north, about the, middle of Quito, 
where the Andes attain their loftiest altitudi*., the peaks of 'runguragua, C'otopaxi, and 
Antisana are in frequent play. From the sides of the lbnm*r a mass of mud was eji^ted 
in 1797, which dammed up rivers, occasioned new lakes, and filled up valleys a thousand 
feet wide to the dej>th of six hundred feet. In the provimu? j)f l*asto, farther north, there 
are three volcanoes ; in Pupayan, three others ; in Uuatimula and Nicaragua, no less than 
twenty are in on active state. Hitherto we have followed this greiit volcanic chain 

almost du<^ north. In Mexico, however, 
_ it turns off in a side direction, extending 



on the west to the isles of RevUagido and 
the Californian peninsula, and embracing 
eastward the whole of the West Indian 
isles. The length of this enormous chain, 
from Cape Horn to New Madrid in the 
United States, is greater than from the 
pole to the equator. Its westward ex- 
tent is hid from us by the waters of the 
Pacific; but probably it rf‘aches across 
the whole of its immense bed. Cotopaxi 
is described by Humboldt as the most 
beautiful and regular of all the colossal 
summits of the Andes, being a perfect 
cone, which is covered with snow, and 
shines with daasding splendour at sunset. 


There are no rocks projecting through its icy mantle, except near the edge of the crater, 
which is surrounded by a small circular wall. The traveller tried to reach the summit, 
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but failed, owing to the cone being surrounded by deep ravines, and pronounces the ascent 
to the crater impossible. This is the highest of the Andean volcanoes which have recently 
been in an active state. If the 3932 feet of Vesuvius were planted upon the top of Etna, 
which has an elevation of 10,873, Cotopaxi would not be equalled in altitude by 4073 
feet. Its eruptions have been upon a scale corresponding with its magnitude. In 1738 
its fires ascended 2933 fiict above the crater, and in 1744 its voice was heard at Honda, 
on the river Magdahjna, a distance of nearly seven hundred miles. In 1768 the inha- 
bitants of two neighbouring towns were obliged to use lanterns by day in the streets, 
owing to the (quantity of ashes ejected, and at tw^o hundred miles* distance Humboldt and 
Bonpland heard its noises day and night, like the dis<;harges of a battery, during the 
explosion of 1803. 

A second line of vidcatiic action, upon as gigantic a scale as the preceding, commences 
at one of the most wcsttM’ii points of Nortli Aincric^a, the peninsula of Alaska, in latitude 
33^^. It pursues a westt^rn course for about two hundred geographical miles, embracing 
the Aleutian isles, and reacdiing to the opposite coast of Kamtschatka. Throughout the 
whole of this tract earthquake's an; of frequent occurrence, and the bed of the sea and the 
surface of the* land are often altered by their tnmiendous violence. Seven active volca- 
nmjH are found at the southern extremity of the peninsula of Kamtschatka, and from 
thence the chain trends to the Kurile isles, where nine more are known to have been in 
eruption. Still southerly, th(^ line extends to the Japanese group, where there are a con- 
sid(‘rable number, and when^ the disruption of the surface of the land ki some districts 
is almost incessant, and sometimes viohmt. Passing the tropic of Cancer, the range 
embraces tlie I^oo Choo ur(dii[)elngo, the Philippine and Ladrone islands, and is prolonged 
south to New Guinea. Here it branches oil* in a vast transverse line, extending on the 
one hand into the lusart of the Paeilic, and on the other through Java and Sumatra into 
the Bay <if Bengal. 

A thinl ehtiin traverses the whole of the southern part of the KurojH*an continent, a 
distance of almve a thousand g<*ogruphiciil miles. It commences at tlie Azores, and ex- 
ti*mls t(» tlic (Caspian S(‘n, having for its northern houndari(*s the Tyrolian and Swiss 
Alps, and for its southern hounds tin* northern kingdoms of Africa. This district has 
frequently Imtii visitc<l witli earthquakes, those of Lisbon and Calabria causing the 
wlitdc (Miiitincnt to vi!»ratc at the shock. Kttia, Vesuvius, and Stromboli are at present 
the chief active v<*nts, hut anciently Vesuvius was in a state of torpor, and the island of 
Ischia was the scene of voicnnic cxplositm. This small spot, about eighteen miles in cir- 
cumference, now containing a ))opu]atioii of twenty-five thousand, was frequently abandoned 
by its inhabitants on ac(*ount of its vi(»l(’nt convulsions. Before the Christian era, 
the Erytimmns, the ('halcidiaiis, and a colony established by Hiero king of Syracuse, 
wert^ successively driven from it. Ischia liowever sunk into rejmsti, which has not since 
l)een disturbed, «)nly with one exception, when Vesuvius, in the year 79, burst forth from 
the stiUnoss of ages, and overwhelmetl the cities of Herculaneum and Pompeii with its ashes. 
The eruptions of Etna are mentioned as occurring from the earliest periods to which his- 
tory and tradition extend. Thucydides speaks of three between the colonization of Sicily 
by the Greeks and the commencement of the Peloponnesian war in the year B. C. 431. 
It was a fable of the GrtM'k mythology, that the giant Typhos was confined beneath 
Sicily, his outstretched limbs extending under the Italian peninsula, and the terrible 
natural phenomena of the n*gion were assigned to the struggles of the imprisoned 
moiistor. Pindar, in his first Pythian ckIc, says : “ The sea-girt heights above Cuma, and 
Sicily press upon his shaggy breast; and the pillar of heaven, snowy Etna, the 
pertmnial nurse of sharp pinching snow, holds him fast. From the recesses of Etna are 
vomited forth the purest streams of lire, immeasurable in extent By day the fiery 
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current pours forth a burning tt>rreiit of smoke, but by night, tlie red flame, rolling along 
masses of rock, plunges them with loud crash into the surface of the sea. That monster 1 



Mount EtttA from Syrat’iutt. 


sends up such horrid streams (»f llepluesius (Vulcan) — a sight wonderful to look on; 
wondeHul, tcM», to hear (»1‘ iVom those* who have seen it.*’ Etna, wlien viewed from a distance, 
npp(?ars a very syminetrieal etme, hut there are upwards ol’ eighty minor yet ccmspieuoiiH 
cones upon its sides. At a late eruption, whieh (weurred in November 1 k; 12, the moun- 
tain sent forth a stream of lava eighteen miles long im lnding its windings, ti mile broad, 
and thirty feet thick, which approached within two miles ol the town of Bronte., and 
threatened it with destruetion. 

In addition to this general outlim- of extensive* voleanic regions, there are isolated 
spots where similar j)lieii(imeiia are <lisjday<*d. The Beak of 'JVnerifle, in the Canary 
Islands, is an imposing voleuno, with its highest crater apparently sealed up, hut lateral 
eruptions are of recent date. leehuid, *fun Mayc‘n, and the south coast ol‘ Greenland, 
constitute a considerahh; volcanic system. 

Fatal to human lit'e as the erui>tions of the volcano have ocieahionally been, large views 
of such physical events will awaken iinpreMsioiis at variance with those which their 
detached observation often excite, lb* wbo, living on the slopes of Vesuvius, witnesses 
his vine-clad dwelling, or his native village, overwluilined with the lava and aslies of the 
mountain, is apt to Income exclusively (K*eupied with the disaster, and w ill not nradily 
reflect ujion the many millions of mankind who enjoy a (|uiet habitation, and whose 
locality has never been disturlxjd wdtbin the period that history and tradition have 
chronicled such (XTCurrences. Yet nothing is more true than that the same agency whieh 
is occasionally destructive in a few s|M)ts upon the world’s expanse, has o|>eratcd in 
forming or upheaving the universtd c rust of the globe*, and lias thus been the means of 
building up sure resting places for unnumb<*red myriads of the human family. It is that 
protrudingor elevating power also that has rendered the coal formations and mineral veins 
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accessible, and thus supplied commerce with its sinews; and comparing the ph 3 rsical 
history of the globe with the career of its inhabitants, how harmless the Etnas and Cotopaxis 
of nature appear, in contrast with the Csesars and Napoleons of mankind! A slight survey of 
the features of the external world is sufficient to show, that the tendency of their general 
arrangement is to minister to the happiness of man, to give him pleasure in the act of 
contemplation, as well as to contribute to his convenience. Its surface, so finely diversified, 
is eminently calculated for the gratification of its occupiers, and expands around them in 
every clime an array of beauty and grandeur, sometimes apart from each other, but often 
blended in wild yet tasteful and imposing combinations. Wherever the traveller pene- 
trates, he finds the terrestrial configuration so arranged in ever-varying outline as to 
spread before him an inviting picture of natural scenery, which captivates, or soothes, or 
elevates, or excites the mind, and furnishes such pleasurable emotions as dull uniformity 
would not have yielded. Especially do the elevations which mark the face of the earth, 
whether rising to the stately [iroportion of mountains, or forming only the rounded, green- 
clad hill, give interest, grace, or sublimity to the land8cat)e. But the mountains perform 
a more important office than that of giving imposing effect and picturesque beauty to the 
scenery of the earth. Occupying a portion of its surface nearly equal to that which the 
sandy desert claims, they stand associated with political and other results of the highest 
importance to mankind. Where the ocean does not extend its waters to divide the 
families, kindreds, and tongues of the human race, the granite snow-crowned rampart is 
frequently the line of demarcation. Nations have thus been kept apart from each other 
by natural boundaries; and the difficulties connected with aggressive wars between 
communities thus separated, have contributed to promote peace and maintain independence. 
1'he mountains also give their aid to the clouds of heaven, attracting them to their 
siimmitH, and storing up their precipitated waters in interior reservoirs, from whence they 
issue by a thousand springs ; and in the dens and caves that peribrate their declivities 
liberty and religion have often found a secure asylum, when assailed by jHjrsecuting 
power and grasping ambition. “ The precious things of the lasting hills” — the phrase of 
the dying Hebrew patriarch — is not without its appropriate significancy. Inglis, wan- 
dering in th(? Tyrol, i'ec(»giiis<Ml its truth, when, as he remarks, he emerged from the 
mountains after a day’s ramble, with pleasant recollections of lights and shadows yet 
lingering on the vision — of solitude and stillm'ss, and the small mountain sounds that are 
more akin to silence than noise — and of all the thousand deep-felt but inexpressible 
emotions, that an* l>orn among the eternal hills, when evening fills their valleys, creeps 
over their declivities, and throws its mantle on their summits. 
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CHAPTER III. 

VALLEYS AND CURAT LEVELS OF THE EARTH. 

T has been observed, that the ridge line of 
a chain of mountains is marked with great 
iiToguhirities numerous breaks and de- 
pressions ocrurriiig. Though th(‘ base 
of these depressions is at a high elevation 
above the geiuM-al su|)e!rficies, yet when in- 
ternally surveyed they liave all the appear- 
ance of iK'iug sunk far below it. The 
travelhT slowly wending his way fhnaigh 
them, shut out from any extensive observa- 
tion of the country, and scHuiig on ea<di 
hand muinenees towering fur aloft, might 
imagiii(‘ himself at an immense dej)lh be- 
neath tin* surface land of the globe. They 
ur<*. mountain chasms, through which com- 
munication is maintuined between opposite 
si(h‘s t)f tin*, ridge they intersect, atid art* 
called Cols in the Al))S, Ports in the Pyrenees, 
Gaps in the United States, and in general, gates, or pass(*s. They abound with scenes of 
striking grandeur, — ovta’haiiging r(K‘ks, undefeiid<*d precipit'.es, patedies of wood, and 
cascades of water, rendered tlu^ more imj)re88ive hy the seclusion of their sit(*H. Some 
of the present passes across tlie Alps have Iwen frctpieiitcd from a very early jH*ri(Kl, 
but many natural obstacles have in iniMlern times b(?en removed l>y the. art and labour of 
man, and the difficult mule paths of a former age l>i*(tn converted into carriagtj roads. 
The Carthaginians are supposed to have entered Italy under Hannibal by the pass of the 
Great St. Bernard ; at least the weight of evidence is in favour of this routes, which was 
made practicable for cars by order of Augustus, and along this et)urse I’epin eertainly 
led his army to attack the Lombards. “It is natural,” says Mr. Inglis, “to compare 
one mountain pass with another ; and after having for the first time erosst^d any eelebrat<‘d 
mountain, one naturally calls to mind the journeys whieh one may have made aeross other 
mountains, and the comparative interest with which such journeys have b(?en atteri<l»*d. 
I need scarcely say, that there are certain features common to all mountain posses ; that 
there is sublimity in elevation ; that mountain clefts are filled by rivulets, which 8W(;11 as they 
descend ; that plants of less or more interest attract the eye ; that from certain heights, 
extensive prospects of the country below are laid o[>en ; and that the [dn-nomena of clouds, 
rain, and rainbows, and the effects of lights and shadows are common to all great elevations. 
But notwithstanding these features of common resemblance, mountains and their passes 
widely differ in interest, and consequently in the features hy whieh natuni has distinguished 
them. These differences, supposing the mountains to he erpial in height, arisij from the 
diversity in conformation, and the variety in their geological charaeter. When we talk 
of one mountain pass being finer than another, we mean that the views it affords are more 
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sublime, or more picturesque ; tliat sublimity, and that picrturesqueness, are the result of 
their shape and surface. I have never passed either Mount Cenis, or the Simplon ; I 



cannot therefore speak of them. The passes 

with which I am acquainted are, St. Go- 

thard; Mount Albula; the pass by the sources of the 
~ Uhine ; the lihetian Alps ; the Brenner ; the limb of the 

Tie du Midi ; tlie pass of the Pyrenees from Perpignan to Cata- 
lonia, and from Gavarnie by the Breche de Roland to Arragon ; 
some of tlie mountain jmsses of Norway ; and the Spanish Sierras. Now it may seem 
singular, that of these, the lowest passes should be the finest ; yet so it is in my esti- 
mation. Mount Albula, and the Breche de Roland, are certainly lower than St. Gothard, 
and yet their features are more striking ; and the truth is, that besides the causes I have 
already mentioned, arising from diversity in conformation and surface, the very lowness 
is itself the chief cause of superiority. Nor is that apparent paradox difficult to explain. 
Where a road traviu’ses the summit of a mountain, there cannot be precipices above ; 
and the mere fact, that a road is necessarily led over the highest part of a mountain, 
is itself a proof that it is not indented by tliose deep valleys, clefts, and ravines, which, 
did they exist, would permit the road to be conducted across at a lower elevation. 
Where a road traverses the summit of a mountain the views may be extensive ; but 
they must yield in sublimity to those which are presented where the road conducts the 
traveller through the heart of the mountain, — among its deep recesses, its forests, and 
cataracts.*’ 

The ancients esteemed the passes of the mountains bounding their respective terri- 
tories, or intersecting them, of great military imj)ortance, and added to their natural 
strength tn render them impregnable. Pliny thus describes the defiles of the Caucasus, 
and the mode of maintaining them: — “ Each pass was closed by large beams of wood 
pointed with iron. In the midst of the narrow valley flowed a river. The southern 
extremity was protected by a castle built on a high rock. This defence was to prevent 
incursions from the people of the north.** Three great passes through the Caucasus are 
spoken of by the classical writers, the Pyle Sarmatie, the Pyle Albania, and the Via 
Gaspia. The former, probably the Porta Caucasia of Strabo, is the particular one 
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referred to by Pliny, now the pass or valley of the river Terek, one of the aiu ient keys 
of the East. The river has its rise towards the centre, and flows northward, a foaming 
torrent, by the side of which the emperor Alexander caused the present road out of 
Europe into Georgia to be constructed in the year 1804. The road winds by the edge of 
precipices rising up from the roaring waters of the Terek, while above, large projt*etions 
of rock, many thousand tons in weight, hang from the beetling steep of the mountains, 
threatening destruction on all below — not alw^ays a vain apprehension. After the wintt‘r 
season, many of these huge masses have been launched downwards by the efleet of a 
sudden thaw, blocking up the narrow pathway, or flooding it by the obstruction ottered 
to the course of the river. The mountain sides of this pass — from one of which the lofty 
Kasibeck rises four thousand fl^et above the limit of perpetual snow — are so high, close, 
and overhanging, that even at mid-day the whole is (‘overed with a shadow bordering on 
twilight. 

At Darial, about a day’s journey up the Europ(‘an sid(‘- of the pass, the Russians 
have a military post. The scene is here one of great mngiiilicenee. The walls of rock 
reach the height of nearly four thousand feet above the bed of the rivtT. J'he passes of 
the Taurus, which are the channels of communication betwetui tlie int(u*ior jilains of Asia 
Minor and the southern coast, have milder features, 'riu* most celebrat(*d in antiquity 
— the Pylae Ciliciafi — through which the younger C-yrus and Alexander poured their 
armies, consists of a narrow defile, with clifls covered a considerable way up with 
evergreens and pine-trees, hanging in some places like a vast canopy over the road, 
while bare and desolate peaks tower above the clouds. The passes of the Andes and 
Himalaya exhibit Nature in her wildest and most terrific aspects, and are perilous 
sites. The latter especially, owing to their elevation in the. regions (d eternal ice and 
snow, are seldom traversed without the loss of human lift;, and y(‘.t are annually travelled 
by crowds of people journeying to and from the Indian and Tartarian sides, on purposes 
of traffic, rarely proceeding a mile, at the higher points, without mecjting with the 
remains of some ill-fated wayfarer. Captain A. Gerard accomplished the ascent of the 
Mannering Pass, 30(X) feet higher than Mont Blanc, and thus (h-scribes the scene and its 
dangers: — “ The river Darboong was lost among the fields of snow and ice by which it 
was generated ; the whole sjiace on every side was floored by ice, half hid under stones 
and rubbish. In some places the snow is of an incredible thichness, and lies in heaps. 
Having accumulated for years together, it separates by its gravity, and spreads wide, 
desolation in its route. Nowhere, in all my travels, have 1 observed such enormous 
bodies of snow and ice, or altogeth(;r such a s(;ene. So rapid and incc'ssant is the progress 
of destruction here, that piles of stone are erected to guide the traveller, since the path- 
way is often obliterated in a few days by fresh showers of splinters. Our elevation was 
now upwards of 16,000 feet, although we had but ascended in conqiany with the river. 
Here only began our toils : we scaled the slope of tlie mountain very slowly; respiration 
was laborious, and we felt exhausted at every step. The crest of the pass was not 
visible, and we saw no limit to our exertions. The road imdined to an angle of 30°. 
Vast benches of limestone, like marble, were passed under ; the projections fr(»wncd over 
us in new and horrid shapes! Our situation was difl’erent from any thing we had yet 
experienced : it cannot be described. Long before we got up, our nispiration became 
burned and oppressive, and compelled us to sit down every few yards ; and then only 
could we inhale a sufficient supply of air. The least motion was accompanied by debility 
and mental dejection : and thus wc laboured on for two miles. The lust half-mile was 
over the perpetual snow, sinking wdth the foot from three to twelye inches, the fresh 
covering of the former night. The direct road leads to the centre of the gap, where 
the snow is very deep and treacherous ; and we made a circuit to the right, to avoid the 
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danger of being swallowed up in one of the dark rents into which often shepherds and 
their docks have sunk, never to rise. The day was cloudy, and a strong wind half 
froze us. The rocks were falling on all sides, and we narrowly escaped destruction. I 
myself twice saw large blocks of rock pass with dreadful velocity through the line of 
people, and between two of them not four feet apart. At half-past two I reached the 
summit” ^ 

The broad and deep depressions in mountainous districts — properly speaking, valleys 
— are ranged into two classes, according to their direction in relation to the main eleva- 
tions. Those which are situated between two principal ridges are termed longitudinal, 
and those which are at right angles with a great chain, or variously inclined, are called 
transverse. Valleys also are styled lateral which feed, with tributary streams, a great 
watercourse ; and by the terms upper and lower valley, parts of the same valley, near 
and more remote from the source of a river flowing through it, are denoted. The canton 
of the Valais in Switzerland — one of the most remarkable spots upon the globe, combin- 
ing, within a very contracted area, the productions and temperature of every latitude 
from the arctic to the torrid zone — is a longitudinal valley, the largest in the Swiss Alps. 
Its axis is parallel to the main chain of Mont Blanc and Mont Rosa on the south, and the 
ridge of the Bernese Alps, w ith the grand heights of the Jungfrau and Finster- Aar-Horn, 
on the north. The Rhone passes through it, rising at its western extremity among the 
glaciers oi Mont Furca, at the height of 5726 feet above the sea, descending to an 
elevation of 1350 feet before it escapes out of the valley towards the Lake of Geneva. 

1 he valley is nearly a hundred miles long, the breadth of the base varying from a quarter 
of a mile to three miles. It can only be entered on level ground at one point, where the 
Rhone rushes out of it through a narrow gorge formed by the Dent de Midi and the 



Dent de Morelos, which rise 8000 feet above its waters. Conm^ted with this great 
longitudinal valley, there are thirteen lateral valleys on the south side, and thr^ on 
the north, which bring dowui the waters of its enclosing mountains. The canton of the 
Grisons also comprises upwards of sixty transverse valleys, belonging chiefly to those 
which arc longitudinal — those of the upper and lower Rhine, and the Inn. These 
bye-valleys are often nooks into which man seldom pries, and where no specimens of 
his handiwork are to be found. There are no sights or sounds but those of Nature, 
exhibiting herself in rock, wood, heath, and mossy flower, and speaking by the rippling 
rivulet, os if inviting the enquiry — 
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•* Free rover of the hillst pray tell me now 
The chances of thy journey, since 6rst thou 
From thy deep-prison*d well away didst break, 

A solitary pilgrimage to take. 

Among the quiet valleys, I do ween 
Thou with the daisied tufts of tender green 
Hast loving linger’d ; didst thou not awake. 

With thy soft kiss, the hare>bell bending low. 

Stealing her nectar from the wild bee’s wooing ? 

And thou host toy'd (though thou wilt tell me, no !) 

With many a modest violet, that looks 
Into thy grassy pools in secret nooks. 

Come, tell me, rover, all thou hast been doing ! ” 

The larger Pyrenean valleys differ from the Alpine in being transverse, running at 
various angles with the principal range. There are those which are longitudinal, but 
not of equal extent with the former. It is common also for a Pyrenean valley to present 
the form of a succession of basins, at various distances from each otlu;r, calhd “ oules,” 
meaning pots or boilers, in the language of the mountaineers. Tliese basins are large 
circular spaces covered with alluvial soil, sometimes eight miles in length by four in 
breadth, through which the streams flow sluggishly, owing to their level surfaces. I'hey 
have all the appearance of having once been lakes, the beds of wliich have been emptied, 
by the waters bursting through their mountain ramparts. In fact, in the upper parts of 
these valleys, the basins exhibit lakes at present, some of which are on very elevated 
sites. Make Brun enumerates eight which are at the height of G557 feet ; but that of 
the Pic-du-Midi is 8813, and is perpetually covcrt^l with ice. In the regions of the 
Andes, the longitudinal and transverse valleys conHtitut(‘, the most majestic and varied 
scenes which the Cordilleras present, and produce, says llumboldt, the most striking 
effects upon the imagination of the Kuroj)ean traveller. The enormous height of the 
mountains cannot be seen us a whole except at a considerable distance, when in the plains 
which extend from the coast to the foot of the central chain. The table-lands which 
surround the summits covered with p(U’petual snow are, for the most part, ehwated from 
8000 to 10,000 feet above the level of the ocean. That circumstance diminishes to a 
certain degree the impression of grandeur produced by the colossal masses of Chimbora 9 o, 
Cotopaxi, and Antisana, when seen from the table-land of Quito. Deeper and narrower 
than those of the Alps and Pyrene<\s, the valhiys of the Cordilleras present situations so 
wild as to fill the mind with I’ear and admiration. They are formed by vast rents, clothed 
with a vigorous vegetation ; and of such a depth that Vesuvius might be placed in them 
without overtopping the nearest heights. Thus, the sidcjs of the celebrated valleys of 
Chota and Cutaco are 4875 and 4225 feet in perpendicular height ; their breadth does 
does not exceed 26(X) feet. The deep(*st valley in Europe is that of Ordesa in the 
Pyrenees, a part of Mont Perdu ; but this, according to Ramond, is not more than 3200 
feet deep. 

The valley form in more open regions is that of a depression, generally a water-course, 
with rounded and gently swelling embankments. The largest specimens of this class in 
Europe are found along the course of the Danube. Of a similar character are the 
celebrated valleys of Cashmere in Asia, with the vale of York, the vale of the Severn, 
and tlie vale of Exeter, upon a minor scale, in our own island. Some of the spots, too, 
which pass in our own country under the humble name of dales, are true pictures, though 
in a miniature form, of the high-walled valleys of Alpine and Andean districts. Perhaps 
the best representation, and certainly one of the mose exquisite specimens of scenery we 
have, is the Dovedale of the Peak, so styled from its locality being in the Peak of Dwby- 
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shire, and from the name (*f the stream, tiie Dove, that flows through it. This is a valley 
between high and precipitous limestone rocks, three miles in extent, the sides closely 
approximating in some places, and again expanding. It seems as if it had been formed 
at once by some convulsion of nature, which rent asunder what had before been a vast 
compact mass, an impression often made by the appearance of valleys in mountain regions. 
Sometimes their opposite sides present salient and re-entering points, which so exactly 
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corrosp(»nd, that ii‘ it wi»re ]K)Ssil)lc to bring them to- 
gether, it seems as though tliey would lit into e»u*h 
othta*, leaving little trace of their former separation. 
l)«)vedaleis approaelH‘d on tlie west through a confined 
defile reniarkahh* for its deep seclusion, of which Dr. 
Plot states, that the mountains are so high that in 
rainy weather tlndr tops may be seen above the 
clouds, and they are so narrow, that the inhabitants, a few cottagers, in that time of the 
year when the sun is nearest the tropic of Capricorn, ncv(*r sec it ; and when it does 
begin to appear, they do not set* it till about one o’clock, which they call Narrowdale noon, 
using it as a proverb when anything is delayed. 


“ Valley of Shadow! tliw the evening ni<M>n 
Hath never visited ; the vernal sun 
Arrives too late to mark the hour of noon 
In thy deep solitude: yet hast thou One 
Will not forsake thee; here the Dove doth run 
IMile after mile thy dreary steeps between.” 


In Dovedalc itself, the high eminences tliat form the lateral walls of the valley — the 
projecting rocks asanming the most fantastic .shapes — sharp pinnacles and bold bluffs — the 
stream that flows at their base, now still, now' murmuring, and dashing over a barrier of 
stones that have fallen from the heights into its bed — the wdld flowers common to the 
limestone stratum — the copses of mountain ash — all combine to form a scene that 
satisfies at first sight, and increases in interest the more it is examined. 

Wlien the valley form of the earth occurs upon a grand scale, there are points at which 
the traveller loses sight of the masses of mountains that environ it. He beholds stretching 
out on every side a tract of level land, or at least the diversity of hill and vale occurs 
in such an unimportant degree as not essentially to disturb tlie idea of being in a flat 
country. The powerful upheavals and submergences w iiich give to mountainous districts 
so peimliar a character of variety, have not o[)erated u|K>n these |>ortions of the earth’s 
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surface ; for while in the former the difference between hijrh and low is ihat of thousands 
of feet in a very small space, in the latter frequently it does not amount to fifty feet, nor 
in some cases to ten, through a wide area, but the surface rises and falls in gentle wavy 
lines, which offer no relief to the dull uniformity of the scene. The surface of these 
levels is usually composed of the most recent aqueous de[>osit8, the loosely deposited beds 
of clay, sand, and rolled pebbles, characteristic of newly elevated land. They may Ik^ 
classed under the general denomination of plains, but the term will then have great 
latitude of meaning, and include regions of very diverse aspect and character. (Jiving it 
a wide acceptation, not only will low flat districts rank as plains, but tracts of horizontal 
land at an immense elevation above the sea, and extensive districts which are traversed 
by valleys, ravines, and hills, but exhibit in contrast with mountainous countries a 
generally level surface. 

The great levels of the earth vary as to their elevation above the sea from a few feet 
to between two and three miles, while some are actually depressed beneath it. 
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To the more (devated plains, the terms jduteau and table-hind are appliiMl, which 
Humboldt proposes to confine to elevations producing a sensible diminution of 
temperature, or to heights which attain to 18()0 or 2(K)0 feet, and iqhvanls. Some writers, 
however, draw a distinction between plateau and table land which seimis appro|)riate. 
According to this distinction, a plateau is a great extent of country raised above the 
general surface, upon which there may be systinns of mountains and valleys inters[)eTBed 
with plains, while true table-land, on the contrary, consists simply of an extensive 
elevated region, which abruj>tly ascends from the neighbouring country, with a level or 
gently undulating surface. 

The grandest examj)le of plateau upon the face of the globe is in Central Asia. It 
consists of the region of Chinese Tartary and Thibet, an immense tract of country very 
imperfectly known, but at a mean height of many thousand feet above the sea. It is 
supported by immense ramparts of mountains, the summits of which rise far above the 
elevated interior. In the following section of the continent from the Black Sea to tiie 

Tacifle Ocean, this great 
j>lateau appears bounded 
on the west by the heights 
of Belur-tngh, or the 
Cloudy Mountains, and 
on the east by the Yung-ling range, which divides China from 'J'hibet by a ttarieB of 
snowy peaks. 1. represents the level of the Black Sea; 2. the Jjeight of Mount 

Ararat ; 3. the level of the Caspian ; 4. Tartary ; 5. the Belur-tagh, or Cloudy Moun* 
tains; 6. the plateau of Crim Tartary; 7. the mountains of Yung-ling; 8. China; and 
9. the Pacific Ocean. 

The next is a section of the continent from the Arctic to the Indian Oceans, which 
ahows the Altaian Mountains, the boundaiyr of the plateau to the north, and the Hima* 
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laja» its soatlieni oonfiae# 
Fig. 1. rq>re8ents the 
level of the Arctic Ocean; 
2. The plains of Siberia ; 
8. the Altaian mountains; 

4. Grim Tartary; 5. Thi- 
bet ; 6. the Himalaya mountains ; 7. Nepaul ; 8. India ; 9. the Bay of Bengal. 

From the flanks of this plateau the largest rivers of Asia descend, and roll their 
waters across the space which divides it from different seas ; the Brahmapootra, Ganges, 
Indus, Tigris, and Euphrates proceeding southward to the Indian Ocean ; the Yenisei 
and Obi with their affluents travelling northwards through the swampy wilds of Siberia 
to the Arctic Ocean ; the Hoang Ho, and Yang-tseu-Kiang pursuing an easterly course 
to the Pacific. The interior region has its rivers, deserts, hills and valleys. The second 
great example of plateau embraces nearly the whole of Mexico, and consists of the 
ridge of the Cordillera, continuous with the Andes, upon which there are vast tracts 
of champaign country, mutually connected, and interspersed with lofty mountains. 
The section of the country from tlie Gulf of Mexico to the Pacific Ocean exhibits this 
plateau, the general Iieight of which is equal to that of the Great St. Bernard of the 

Swiss Alps. F^^, 1. re- 
presents the level of the 
Pacific; 2. Mexico; 3. 
Pococatapelt ; 4. Peubla ; 

5. the Volcanic mountain 
of Arizaba; 6, Vera Cruz ; 
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7. the Gulf of Mexico. 

The descent towards the coasts is by a graduated scries of terraces, which present an 
extraordinary diversity of vcg(*tation. Of table-lands, properly so called, or elevated 
plains which have a generally level surface, there are many examples in botli continents. 
The Nilgherrjr district in Hindustan is a beautiful piece of table-land formed by the 
gently undulating to]) of the Jllue Mountains, often visited by Europeans for the sake of 
enj(»ying its bracing air. I'he great extent to which the sound of the human voice may 
be cemveyed, frequently observed in elevated regions, was here noticed by Mr. Hough 
of Madras ; — “I have luaird,” he remarks, “ the natives, especially in the morning and 
evening, when the air was still, <!urry on conversation from one hill to another, and 
that apparently without any extraordinary effort. They do not shout in the manner 
that strangers think necessary in order to be heard at so great a distance, but utter every 
syllable as distinctly as if they were conversing face to face. When listening to them, 

I have often been reminded of those passages in Holy Writ where it is recorded that 
Jotham addressed the ungrateful men (»f Shechem from Mount Gerizim ; that David 
cried from the top of a hill afar off to Abner, and to the people that lay about tlicir 
master Saul, and that Abner addressed Joab from the top of a hill.” Numerous and 
extensive table-lands occur in south-western Asia at a great elevation, the majority of , 
which are arid wastes, though some are green as an emerald in summer. The plain of | 
Teheran, the modern capital of Persia, is at the height of 3786 feet above the sea level, 
while that of Erzroum, the ciipital of Turkish Armenia, is not less than 6114. The 
central region of the Spanish peninsula, also consists of a series of table-lands, varying 
from 2000 to 2664 feet in elevation, divided and bounded by mural precipices which rise 
far above tliem. The western continent likewise presents many remarkable specimens 
of high table-lands. That upon which the city of Santa de Bogoth is situated is an 
almost perfect level, 8640 feet above the sea, and 45 miles by 20 in extent, environed 
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Witli Ugh inoiiiitains, through wMoh the waters of the plain escape by a narrow outlet, 
and form the celebrated fall of Tequendama. 

The great levels of the globe are however neither plateau nor table-land districts, but 
vast territories which have only a very inconsiderable elevation above the sea. They 
are classified, according to their respective physical conditions, into deserts and steppes. 
The former, to use the words of Humboldt, are mere dead uninhabited plains, rendered 
impracticable both by man and by the powerful infiuence of vegetation, and remaining 
in all their primeval rudeness. The latter are more or less covered with grasses, or with 
small plants of the dicotyledonous class, as well as with various forms of animal life, and 
are only wearisome by their monotony and sameness. The word steppe is Russian, and 
means a large extent of fiat uninhabited country destitute of trees. It is synonymous 
with the haiden or heaths of Germany, the landes of France, the savannahs and prairies 
of North America, and the pampas and llanos of South America. It has been thought 
suificiently characteristic of the leading divisions of the globe, to say, that Europe has 
heaths, Asia steppes, Africa deserts, and America savannalis. But such a classification 
is manifestly incorrect, since Asia has large regions of true desert, as destitute of vegeta- 
tion as the interior of Africa, while in the great Sahara of the latter there art; savannahs 
and pastures in the midst of barren and unfruitful spots, and all the European plains are 
not heathy, nor all the American llanos grassy. Waiving generalizing, the levels of 
these diflerent regions will be best discriminated by a notice of them in detail, taking 
Humboldt and Bergbaus as the chief guidtjs. 

The great Lowland of Europe extends from Paris to the frontiers of Asia, an iinniensc 
district, including part of northern France, the Netherlands, the north of Germany, the 
entire kingdom of Prussia, with Poland, nortliern Turkey, and southern Russia, to the 
terraces of the Ural and the waters of the Black Sea. This region, in general very level 
and fertile, traversed by numerous navigable rivers, is the birth-jdace and suri'accland of 
a large amount of modern civilisation. It is a vast plain with two grand declivities, 
inclining north and south-easterly, which determine tlie course of the superficial waters 
either to the Baltic Sea and the German Ocean, or to the basin of the Black Sea. As an 
instance however of the little inclination of the surface in some places, a prevailing north 
wind will drive the waters of the Stattiner-Haf into the mouth of the Oder, and give the 
stream a backward fiow for an extent of thirty or forty miles. At the northern confine of 
the European lowlands, to a considerable distance frt)m the shore, there is only a very 
slight elevation above the sea, and hence extensive marshes are formed along the coast. 
Holland is to a great extent so near the level of the waters as to require artificial means 
to protect it from inundation ; and on approaching it, the trees and spires seem as if 
planted upon the ocean. Notwithstanding the general fertility of this tract of country, 
we meet with many spots incapable of cultivation, either wholly bare of vegetation, or 
only producing a few grasses and dicotyledonous plants, which constitute true heaths and 
landes. The moor and bog-lands of Westphalia are remarkable for their flat and table- 
formed surfaces. From the middle of the Beerktanger Bog, heaven and earth seem to 
mingle ; no tree, no bush is to be seen far as the eye can reach ; while here and there the 
play of refraction magnifies to elephants the small and coarse-woolled sheep which find a 
scanty subsistence on the Erica vulgaris, which vegetates on the acrattered productive 
portions of the bog. The infertile plains, for the most part sandy, o(!cur chiefly in north 
Germany and Prussia, those of LUneburg and its vicinity occupying a space of about 
six thousand square miles. Similar sandy plains, interspersed with heaths and marshes, 
occupy an extensive space in the south of France between the Gironde and the Pyrenees. 
Towards its eastern extremity, the great level of Europe alwunds with enormous tracts of 
pasture land, which appear to have been rendered smooth by a long abode of the waters 
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iipffii tbl^ On tbe«e pastures nothing interrupts the view* The eye only find# 

a ‘testing point at the horizon, and the traveller may pass over them for miles withoirt 
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meeting with a village or a single h(msc. From the mouths of the Danube, along the 
coasts of the Black Sea to the Don, these green plains terminate at the horizon with an 
azure line, such as is commonly perceived in tlie open sea. They possess the finest soil, 
a black ricli mould, wliicdi with sliglit cultivation produces in great abundance all the 
cercalia, and even iiemp and f)<)ppies. Nature, here left to herself affords the most 
luxuriant and succulent pastures, in which herds of splendid oxen, such as are found in 
Holstein and Holland, graze night and day. From tinjc to time, a few liuts are met with, 
indicated on the charts as inns or post-houses. The transition from cultivation to nomadic 
life, is recognised in this region, which is more palimble as an easterly direction is 
pursued, and gradually the usptH*t of tlic country changes, becomes wavy, undulating, and 
less fertile. Kverything here, says llumholdt, speaking of the district east of the Don, 
awakes the anticipation of the steppes of Asia — tlic climate itself, with its hot summer, 
its cutting and sliarp winter, and dry east wind, and even man himself ! 

The region of the Steppes coinnietiees in Europe, and occupies almost the whole of the 
north-west of Asia. They Jire extensive and almost treeless plains, intersected with barren 
ridges and hills, with vegetation of rank coarse grass in the intervening spaces ; at least 
this is their general character on the European sitle of the Volga. Mr. Stephens, the 
American travelltT, thus describes his first acquaintance with them : — “At daylight we 
awoke, and found ourselves upon the wild steppes of Russia, forming a part of the 
immense plain which, la'giiining in northern Germany, extends for hundreds of miles, 
having its surface oeeasioimlly di> ersified by ancient tumuli, and terminates at the long 
chain of the Urals, whicdi, rising lik«* a wall, sepuraU‘s them from the equally vast plains 
of Siberia. The whole of this immense plain was covered with a luxuriant pasture, but 
bare of trees, like our own prairie lands, mostly uncultivated, yet everywhere capable of 
producing the same wheat which now draws to the Black Sea the vessels of Turkey, Egypt, 
and Italy, making Russia the granary of the Levant ; and which, within the last year, we 
have seen brought six thousand miles to our own doors. Our road over these steppea 
was in its natunil state, that is to say, a mere track worn by caravans of waggons ^ there 
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were no fences, and sometimes the route was marked at intervals by heaps of stones, 
intended as guides when the ground should be covered with snow. 1 had some anxiety 
about our carriage ; the breaking of a wheel would have left us perfectly helpless in a 
desolate country, perhaps more than a hundred miles from any place where we could get 
it repaired. Indeed, on the whole road to Chioff there was not a single place where we 
could have had any material injury repaired ; and the remark of the old traveller is yet 
emphatically true, that ‘ there be small succour in these parts.* ’* Nothing is more 
remarkable than the successive appearance of thousands of tumuli, which overspread the 


great levels of southern Russia* They are mounds of earth — the mansions of the dead 
of past ages — occupying sites which are now tenantless for leagues around them, and 
only visited occasionally by droves of cattle and the passing travell(‘T. Observing only a 
few specimens, they might be concluded to be indications of the route between different 
places, did not their number, symmetrical form, general resemblance, and contents, when- 
ever opened, disprove the idea. The earliest adventurers from the west of Europe into 
these waste places mention the tumuli. “We journeyed,** says William de Rubruquis, 
“ with no other objects in view than earth and sky, and occasionally the sea upon our 
right, wliich is called the S(;a of Tannis; and moreover the sepulchres of the Comani, 
which seemed about two leagues distant, constructed according to the. mode of burial 
wliich characterised their ancestors,** Simple as these funenml monuments are of an 
ancient world, thiur very simplicity is sublime, harmonising with the appearance's of 
nature in the steppe's, unalleete'd by the hand of ’^^rinn*, hy whie'h the; Parian marble is 
sjiee^dily defae.^eel. Among the oereurreMie'e's of the steppes, that of a grass fire is not 
uncommon, oercasione'd by the^ unextinguishe'el e'lnhe'rs left hy parties wlm have* hivouucke'd 
in them, which lay ludd of the* high and dry ve-getation in their neighhourhood, and spre'ud 
temporary desolation ove;r large tracts of e'ountry. 'J'he; monotony of these* jilains gives 
great effect to the appe^arance of the C'aneasus, On the* approach fnnn the* north, tlieese 
mountains arc seen at a vast distance, rising abruptly from a level country, apparently an 

4mpassahle* harrier stretching from the Caspian 



St«pp(*s nf till* CaiirasiiK. 


to the Hhu'k Sea, the white head of Elburz 
towering above, the lower summits of the range*.. 
In the diagram is reqirejsented Mount Kasiheck, 
the snowy n*gion beginning at 2., a height of 
](),2(K) fee^t ; opposite //V/. if. is the bed of the. 
'rerek ; ,/n/. 4. shows the* profile of hill near the 
Ste'ppe ; o. the. le*vel of the? Caspian, and 6. of the? 
Black Se*a. On the e*astern side of the? Volga, 
the steppes e?xte*.nel far into the he*art of Asia; 
hut their physiognomy greatly alters. The soil 


becomes more unfruitful ; vege'tation only slieiws itself here anel there ; the salt ste^ppe's 
appear, abounding in yiools and streams of salt and l>itter waters, em the? hanks of wliich 
the willow and the reed only grow — the. seile means of supporting the? herds of the 
Turcoman in winter, whom circumstances tliereforej reinder nomadic. 

The dessert plains — meaning not mere-ly seditudes, but sandy and stony waste's occupy 
an enormous space of the lowland regions of the globe. lhe?y are? rare*, ein the continent 
of America, but occur in the lower part of Peru, where a considerable distri<?t is found, 
exhibiting the features of a true Sahara — a surface of rock ceivered with nioye*ahle sand, 
not a drop of rain falling upon it. Still such tracts are seldom Jue?t with in the New 
World, while they are so abundant upon the ancient continent as to constitute a marked 
distinction iK'tween the two regions. I’he reproach is of old standing against Africa, of 
being the most barren and unpnxluctive of the great ilivisions of the earth ^a reproach 
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which especially applies to an immense domain extending on both sides of the tropic of 
Cancer, but having its main direction from west to east, and including more than a fifth 
part of the whole of that territory. This is the Saliara-beln-ma of the Arabs, or desert 
without water, called also the Baliar-hela-ma, or ocean without water. Upon a large 
space of this district there is neither rain nor dew, to awaken in the glowing bosom of the 
earth the germs of vegetable life. From the west coast of Africa, and between Morocco 
on the north and the Senegal river on the south, this wilderness extends easterly to the 
Red Sea, contracted towards the west by a projecting part of the kingdom of Fezzan, 
and interrupted on the east by the narrow valley of the Nile. It embraces a space of 
more than 46*^ of longitude and 15° of latitude, or a length of 3000 miles by a breadth of 
1000. A large extent of the Sahara is a dead levcd; but low sand hills, wadys or valleys, 
and projecting rocks are frequent. “ Now the naked rock” says Humboldt, describing its 
characteristics, ‘‘appears to view perfectly smooth and level, which the traveller may 
pass over for days together without meeting even a grain of sand, where one sees only 
the heaven above and the hard stone pavement beneath ; now we behold a flat plain 
covered with rolled pebbles, here and there intersected with ravines and valleys extending 
to about thirty feet below the surface; and now an ocean of sand presents itself, frequently 
containing so large a quantity of salt, that whole tracts appear coated with it, and 
resemble fields of i(^e. Occasionally spots of verdure are found, known under the name 
of oases, wiiicli display palm trees and springs of water.” The Egyptians, says Strabo, 
give the name of oases to inhabited spots surrounded by vast deserts of sand, and 
resembling islands in the sea. There are, he states, many such in Lybia, while three 
border on Egypt, and are referred to that country. Modern discovery has, however, made 
UR acquainted with several of these isles of the African ocean of sand, which are rich in 
streams and vegetation. In the western part of Fezzan, in a hollow surrounded by 



Lake of Mtuidia. 


rocks, lies the small lake of Mnndia, celebrated for the occurrence of Trona, or pure 
natron (soda). Oudney and Clapperton, on their memorable expedition from Tripoli, 
visited this lake. Clapperton, us tludney tells us, was silling on the top of a high sand 
hill, and so pleased with the view, that he called out several times to his companion to 
dismount from his camel to ciyoy the treat. The appearance was beautiful. There w^as a 
deep sandy valley, containing only two large groves of date trees, enclosing a fine lake. 
The contrast between the bare lofty saml hills, and the two insulated spots, was the great 
cause of the sensation of beauty. There is something pleasing in a lake surrounded with 
vegetation ; but when every other object within the sphere of vision is dreary, the scene 
will become doubly so. No doubt the oases in general owe much of their reputation to 
the contrast they form wdth the absolute barrenness of the desert With the exception 
of these spots, the Sahara is uninhabitable for man; and it is only at periodic times 
that it is traversed by the trading caravans, which proceed across it from Tafilet to 
Timbuctoo, and from Fezzan to Bornou. These are bold undertakings, the practicability 
of which depends upon the life of the camel — the ship of the desert, as the animal is 
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termed in the poetical language of the Orientals. One chief source of danger arises from 
the Simoom, a hot southerly wind, which rolls along in suffocating masses the sandy 
billows, darkening the air, and frequently overwhelming every object in their path. 



SuimI Storm in tin* 


This wind in passing over the desert aecjuires an extraordinary degree* of heat and dryness, 
and stops respiration at once upon exposure to it. To avoid its efleets, the Arabs drop tlie 
I Kafiehy a handkerchief which tliey w<‘ar upon their heads, so as to cover their faces. If 
I the immediate perils of this fierce burning blast are escaped, it often hupj)ens that the water 
I contained in the skins borne by the camels is absorbed ; and in such eircurnstanc(*s, if at too 
j great distance to obtain a fresh supply in time, the whole company fall victims to intoh;rahle 
j thirst. In this way an akkabah or caravan, consisting of 2(XX) persons and 18(X) (‘amels, 

I was cut off in the year 180.5. The Sahara is one principal theatre of that singular optical 
; illusion called the “ mirage,” to which the Arabs apply the more po(*tical name of the Lake 
I of the Gazelles. This is the appearance of tracts of wattT in the desert — a d(*-ception 
: supposed to arise from the reflection whicrh takes place h(!tw(H?n strata of air of different 
densities, owing to the radiation of heat from the plains of sand. "I'liese mock lakes — the 
“waters that fail,” or that have no reality — often torrnerit tluj passenger oppressed with 
heat and thirst. Major Skinner describes a deception of this kind, the most perfect that 
could be conceived, which for a time exhilarated the spirits of the party with whom he jour- 
i neyed in the desert, and promised an early resting-place. They had observed a slight 
mirage tw'o or three times before ; but the one in question surpassed all that could well he 
fancied. Although aw are that these appearances have often led people astray, he could not 
bring himself to believe that this w as unreal. Even the Arabs were doubtful. The seeming 
lake was broken in several parts by little islands of sand, which gave strength fo the delu- 
sion. The dromedaries of the sheikhs at length reached its borders, and apj»ean*d to have 
commenced to fonl, as they advanced and l)ecttme more surrounded by the vapour. They 
seemed to have got into deep water, and to be moving with greater caution. In passing 
over the sand-banks, their figures were reflected in the water. So convinced was one of 
the party of its reality, that he dismounted and walked tow ards the deepest part of it, 
wliich was on the right hand. He followed the dec(dtful lake fora long time, and 
appeared to be strolling on its banks, his shadow stretching to a great length beyond. 
There was not a breath of wind ; and the sultriness of the day would have added dread- 
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fully to the disapfiointment, if the party had l>ecn much distressed for want of water. 
The Sahara is now well known to advancing from cast to west, besides being in a 
condition of internal instability, owing to the sand-storms altering the appearance of the 
surface. The prevailing currents of air that sweep over it are from east to west, and the 
flying sands travelling in that direc.tion, there enlarge its bounds. The Wandering Sea 
is one of the Arab titles of a sandy desert. 

The Sahara apparently terininatc^s at the valley of the Nile, but the same identical 
region is prolonged be*yond that (•haiinel. It embraces nearly the whole of the Arabian 
peninsula, wliich, excepting a few enclosed valleys, is a stony and barren tract, and 
generally an infertile level, presenting great sandy plains, producing little besides the 
acacia vern^ or Egyptian tliorn, and a few other plants. Beyond this is the Syrian 



lUiiiiti of ralmyrii fium ilir Dfsrvi. 


desert, which lies between the range (»f Lebanon and the Eu})hrateB, in the heart of which 
is the oasis, containing the reli<‘s of one of the niysteriiajs citit's of antiquity, the Tadinor 
in the wilderness of a remote’ time, the Ealmyra of a more modern age. It is not difficult 
to conceive of the effect of its ruins after passing through a waste in many })laees without 
a single, object showing either life, or motion ; Corinthian columns of white marble 
contnisting finely in their snowy appearance wdth the apparently laiundless yellow sands, 
the monuments of an opulence and art, every other trace of which has vanished with the 
people by whom it w’as enjoyed. A day in this desert is admirably described by the 
author of Ebthen : — “ As you are journeying in the interior you have no particular 
point to make for as ^ninr resting-place. The endless sands yield nothing but small 
stunted shrubs ; even these fail after the first two or three days, and from that time you 
pass over broad plains — you pass over newly-reared hills — you pass through valleys 
that the storm of the last week has dug ; and the hills and the valleys are sand, sand, sand, 
and only sand, and sand, and sand again. The earth is so sandy, that your eyes turn 
towards heaven — towanls heaven, 1 mean, in the sense of sky. You look to the sun, for 
he is your task -master, and by him you know the measure of the work that you have done, 
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and the measure of the work that remains for you to do ; he conies when you strike your 
tent in the early morning, and then, for the first hour of the day, as you move forward on 
your camel, he stands at your near side, and makes you know that tlie whole day’s toil is 
before you : then for a while, and for a long while, you see him no more — for you are 
veiled and shrouded, and dare not look upon the greatness of his glory ; but you know 
where he strikes over head by the touch of his darning sword. No words are spoken ; hut 
your Arabs moan, your camels sigh, your skin glows, your shoulders ache ; and for sights 
you see the pattern and web of the silk that veils your eyes, and the glare of the outer 
light ; but conquering Time marches on, and by and by the descending sun has compassed 
the heaven, and now softly touches your right arm, and throws your lank shadow over 
the sand, right along on the way to Persia.” Jleyond the Euphrates to the. 'I'igris, with 
the exception of slips along the two rivers, the (H)untry is a desert of burning sands and 
sterile gypsum, thickly studded with saline and sulphurous pools ; and farther eastward 
the zone of deserts may be traced through Persia, Ciraiul 'fartary, and the great ctuitral 
plateau of Asia, extending thus in an almost cmitinuous band of varying breadth from 
the Atlantic Ocean to the wall of China. Amdogous phenomena to thos(^ of the 
Sahara — the mirage and encroachiiig sands — are dis])layed through the greater part 
of this zone, which proceeds in a cir(‘l(‘, the arc td‘ whiidi is dirtjcted towards the south, 
through the whole of the ancient world. Especially in sonns regions of* south-western 
Asia has the dry element sensibly advanced. Once ricli and blooming tcrritori«?s, ('chda'aled 
by the Persian poets as paradisiacal, the theiitreof heroic d(‘eds, the seat of jmlitical power 
and intellectual cultun*, the sib; of cities which in siztr and splendour were second to 
none in Asiii, have been visite<l by the moveable sand, leaving but b^w evidences id* 
former grandeur and fertility a])parent. At Sumarcand and llokbara, irelebrated 
sovereign cities, from whicb, in the middle ages, bold and cbivulrous prim^es overspread 
the East with their flying squadrons, the sands have with dillicnlty been kept at bay. 
The river Sihun has been compelled to alter its course, and the mighty Oxus of the 
ancients, according to historical evidence, has lost its Caspian arm in a struggle with 
the desert. Slotting aside the fertile oases, Humboldt snj)poses the area of the sandy 
deserts, leaving out those of central Asia, to be 3(K),(K)() square leagues. 'J’hose of the 
Tartarian table-land cannot hi? less than I(X),(KK) mori?, and adding 1(K),()0() for similar 
tracts in Midland and Southern Africa, with some other districts, we have a grand total 
of half a million of square l(;agiies of such surface in the Old World *, a space equal to the 
whole extent of Europe. 

The deserts to which the pri'cedi ng notices refiT, are for the. most part hot sandy 
districts, or experience, great alternations of heat and cold. independently of these, 
there are cold tracts of lowland, chiefly found in the northern regions of Asia. From 
the declivities of the Ural on the west, to the coast of Kamschatka on the east, and from 
the foot of the Altaian Mountains on the south, to the icy margin of the Arctic Ocean 
on the north, there is a country almost as large as Europe, a melamdioly desert, in which, 
in latitude 67°, the growth of trees ceases altogether ; and a little higher up the soil is 
frozen the whole year through, some few inches of the surface alone bidng subject to an 
annual thaw: but at a short distance from the surface, throughout Silmria, a bottom of 
perpetually frost-bound soil is met w'ith. Ginelin the elder, in his travels, states that 
shortly after the foundation of the town of Yakuzk, in lat. 62 north, at the end of the 
seventeenth century, the soil of that place was found to be frozen at a depth of ninety-one 
feet, and that the people were compelled to give up the design of sinking a well, a state- 
ment corroborated in our days by the travels of Erman and Humboldt. Until very lately 
nothing was known respecting the thickness of the frozen surface ; but within these few 
years a merchant of the name of Schargin, having attempted to sink a well at ^ akuzk, waa 
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about to abandon the project in despair of obtaining water, when Admiral Wrangel per- 
suaded him to continue his operations till he had peH'orated the whole stratum of ice. This 
was done, and at the depth of 382 feet the soil was found very loose, and the temperature 
of the earth was 31® Fahrenheit. The external appearance of these cold districts is 
admirably depicted by a writer quoted by Bcrghaus. With painful feelings, he states, 
the traveller observes the trees diminishing in height the ntiarer he approaches the icy sea. 
At ninety German miles from the sea, erect and lofty larch trees afibrd a veil to expiring 
nature, but from this point tlieir number diminishes, and they become small and crippled. 
The coating of moss that covers the tree is thicker than the stem itself ; but nothing can 
save it from the destroying breath of the north. Some thin birches endeavour to contend 
against this fearful foe, but they perisli when scarcely sprung from the bosom of the earth, 
and 70® latitude may be assigned as tlie limit of the growth of trees. It is only the moss, 
the true child (»f the north, which thrivcis and blooms even in the midst of winter, and 
scantily covers a soil which has been barren for thousands of years. From the last 
tree to the frozen ocean extends an enormous desert covered with lakes and lagunes. 
Some of the lakes are large and deep, and rich in fish, their lofty banks consisting of 
level beds of earth and ice, the ice covering the earth. Throughout this region a death- 
like silence reigns, seldom interrupted except by the summer birds of passage. 

We now proceed to notice the flat lands of the New Continent. A large portion of 
South America is only slightly raised above the level of the ocean. Supposing, as the 
effect of some particular attraction, the waters of the Atlantic to be raised fifty fathoms at 
the mouth of the Orinoco, and two hundred fathoms at that of the Amazon, the flood would 
cover over more than one-half of that part of the New World, and the billows of the sea 
would dash against the eastern slope or foot of the Andes, which is now nearly 2000 miles 
from the (roast of Brazil. Comparatively low transverse ridges, running east and west, 
divide South America into thrcje great districts. Through the northern district the 
Orinoco flows ; through the central, the Amazon ; and through the southern, the La 
Plata. The country on each side of these rivers consists of enormous levels, to which 
the terms Llanos, Selvas, and Pampas, are applied, distinguishing the regions bordering 
on these mighty streams, in the order in which they have been named. 

The Ijlanos bord<’r on the Orinoco, and are plains, including tin* vast area of 260,000 
square miles, at the menu height of 2(K) feet above the level of the sea, sluggishly there- 
fore bewaring tributary streams to the great water(H)urse. I'he name is an abbreviation 
of loca plafiOj and was applied to them by the first Spanish conquerors, on account of 
their singular flatness. Iluinboldt has described the Llanos with great felicity, and 
presents us with the following graphic picture : — “The sun,” he thus commences, “on 
our entran(^e into the basin of Llanos, stood almost in the zenith ; the ground, wherever it 
was naked and destituti^ of (ilants, was of a temperature which attained 48 or 50 degrees. 
No breeze was perceptible at the height on which we were sitting on our mules, yet there 
arose, in the midst of this appartjnt repose, an incessant cloud of dust driven by light 
breaths of wind which swept only the surface of the ground, and produced diflerences of 
temperature, which were imparted to the naked sand and the spots of grass. These sand- 
winds increase the sufTocating heat of the air. Every grain of sand, hotter than the atmo- 
sphere which surrounds it, beams on all sides, and it becomes difficult to measure the 
temperature without the gmins of sand l>eating against the ball of the thermometer. 
All around us, the plains seemed to rise to heaven, and this vast and silent desert appeared 
to our eyes like a sea which is covered with sea-weed, or the algae of the deep sea. Accord- 
ing to the inequality of the mass of vapour floating in the atmosphere, and the alternating 
temperature of the breezes contending against each other, was the appearance of the 
horizon ; — in some places clear and sharply defined, in others w'avy, crooked, and, as it 
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were, striped. The earth, there, seemed to mingle with heaven. Through the dry mist 
we perceived palm trees in the distance. Stripped of their leaves and their green summits, 
these stems resembled the masts of a ship which one descries in the horizon at sea. There 
is something sublime, yet mournful, in the uniform spectacle of these steppes. Every- 
thing in them appears immoveable, except tliat percliance, occasionally, the shadow of 
a small cloud which passes over the zenith and announces the approach of the rainy 
season, falls on the savannah. I know not whether the first feeling of surprise at the 
first view of the Llanos is not as great as at the first view of the chain of the Andes. 
Mountainous regions, however high even their highest points may be, have an analogous 

physiognomy ; but it is only with difii- 
^ i 7 V culty that the eye can accustom itself to 

the Llanos of Venezuela and Casanare — 
to the Pampas of Buenos Ayres and of 
Chaco, which incessantly, and during 
journeys of from twenty to thirty days, 
remind one of the watery mirror of the 
tropic sen. I had seen the Llanos or 
plains of La Mancha in Spain, and the 
llaiden, which extend from the extreme 
point of Jutland, through Luneburgh 
and Westphalia, to the mouth of the 
Scluddt. These Ilaiden are true 8te[)pe8, 
from which during centuries mankind 
have only been able to win a few small 
spots lor the plough ; yet these plains of 
the west and north of Europe aflbrd but 
a faint image of the immeasurable. Llanos of South America.” 

The Llanos exhibit a somewhat variou.s as[>ect, the grasses rising to the height of 
four feet in the neighbourhood of the streams, which only reach a few inches at a 
distance from them. The palms and dicotyledonous plants are also more abundant in 
such situations, and here is the favourite haunt of the jaguar, the tiger of the western 
continent, lying in wait for some straggler from the droves of horses that occupy these 
plains. But ditferent seasons of the year produce a wonderful alteration in the app(;ar- 
ance of these districts, particularly those which are rtunoved from the watercoursc^s. 
The surface displays a beautiful green verdure in the rainy season, but in the dry months 
its aspect is that of a desert. At that period the grasses wither, and are reduced to 
powder, the ground cracks, the crocodiles and great serpents remain imbedded in the 
dried mud, till the showers of returning spring awaken them from their lethargy, when 
the w'hole scene changes, and puts on an air of great luxuriance. Humboldt determined 
by barometrical observations that the l.<lanos have not more than a height of from forty 
to fifty fathoms above the level of the sea. Hence the streams are sluggish, their motion 
in some places scarcely perceptible, and the slightest wind upon the Orinoco contrary 
to its course will sufilce to raise its waters, and drive back the rivers that are tributary 
to it. There is then the phenomenon exhibited of water ascending and descending in 
the same channel, a mass of standing water separating the two, in which whirlpools are 
formed by the disturbance of the equipoise. The same authority strikingly dilates upon 
the almost liquid uniformity of the surface of these regions, large spaces occurring 
without an elevation a foot high. But notwithstanding their apparent uniformity of 
level, the Llanos offer two kinds of inequalities. There are banks of limestone and 
sandstone or hancos^ standing four or five feet above the plains, sometimes several leagues 
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in length, quite flat at the top ; and vaulted elevations, or rising imperceptibly a 

few feet, wMch occasion the divertia aquarum of Livy, the parting of the waters, 
where the river flows in opposite directions. The streams which proceed southward to 
the Orinoco, and northward to the coast of Terra Firma, have their course determined by 
these convexities of the surface which lie between them, and are of very trivial elevation. 

According to Humboldt, the general level face which these regions present ; the extra- 
ordinary rareness of habitations ; the periodical difhculties of traversing dried downs, 
under a burning sky, and in an atmos[)here darkened with dust ; the aspect of the horizon, 
which incessantly seems to fly before the traveller ; the isolated stems of palm trees which 
all possess the same physiognomy, and which appear never to be reached, because con- 
founded with other stems which gradually appear to view; — all these causes, taken toge- 
ther, make the Llanos apparently much larger than they really are. Still they unfold 
immense spaces of surface completely monotonous, equal in extent to the distance between 
Paris and Naples, and in some instances from Timbuctoo to the northern margin of the 
Sahara. 

The central level of South America bears the local name of Selvas (woods), and 
extends along both sides of the river Amazon, from the Andes to the ocean. It embraces 
an area about six times larger than France, and of equal size with European Russia. It 
is an immense forest region, with open patches of a similar character to the Llanos, inter- 
sected by numerous rivers flowing into the great basin of the Amazon. This district is 
but little known to Europeans, except on the borders of the streams ; and many of these 
have not been traversed through the whole of their course. The powerful vegetation 
licre conceals, in a great measure, the uniform level of the soil. The trees attain a great 
height, with straight clear stems, the foliage uniting in a canopy above, and leaving all 
beneath in perfect shade and ejuiet. This longitudinal development is unfavourable to 
protracted existence, as age and climate soon attack the trees ; but others very speedily 
fill up their vacant places. These primeval woods occujiy about 719,000 square miles of 
territory; and including the waters, enclosed open jdains, and some ranges of hills, the 
whole surface presents an area of 2,340,000. The trees vary greatly in species, scarcely 
any two trees standing together being of the same kind. Thirty or forty different species 
are found in an area oi’ twenty square yards. Bushes and creepers fill up the intervals 
between them, uniting the whole together, and constituting a woody fabric which defies 
the intrusion of man. “ The industry of man,” says a recent writer, “ has in all other 
countries succeeded in subjecting the productive power of nature to his sway, and to 
direct its operation to his ends. In the Sahara it has taken possession of all the resources 
of the country till it has arrived at the very limits which Nature herself has fixed. No 
farther improvement can there take place. In some countries situated within the polar 
circle, a course of improvement has been adopted, and is pursued with success. Its 
progress is slow, but certain. The ungrateful soil of the Falkland Islands has even fallen 
under the fertilising hand of man, andwdll doubtless be converted into fruitful fields in the 
progress of time. But there is little hope that such will ever be the case with the plain 
of the Amazon. The productive powers of this country, it appears, are too great and 
too active to be subdued. If its soil was but half as fertile, its air half as moist, and 
its vegetation half as vigorous ns it is, man would easily master nature, and compel it to 
administer to his wants, or to supply him with riches. But he finds here that all the efforts 
of his industry are in vain ; he is overwhelmed by the bounties of nature. His mind sinks 
into despair when he contemplates the immense work before him, whilst his body feels 
the exhaustion produced by that climate which imparts to the soil its never ceasing power 
of reproduction. He finds himself reluctantly compelled to abandon his plans, and to 
leave to Nature that portion of the globe which she seems to have reserved for her 
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exclusive property, and for her unfettered operations. The plain of the Amazon is, 
perhaps, destined to remain for ever a wilderness.” 

South of the forest-covered plain of the Amazon, we come to the third great level of 
South America — the region of the Pampas, an Indian word signifying a flat, given to 
districts which are true steppes — plains rich in grass, but without trees. They extend in 
an almost uninterrupted band from latitude 15^^ south to 45°, or about 18(X) geojrraphieal 
miles, by a width varying from 300 to 900 ; and while at one extremity we find the 
at the other, where the ground is extremely low, it is covered with perpetual ice. Sir 
Francis Head describes the pampas, stretching from Buenos Ayres to the Andes, os a vast 
plain, divided into regions of diflerent climate and produce. The first of these regions is 
covered with clover and thistles ; the second rt‘gion producers long grass ; and the third 
region, which reaches the base of the Cordillera, is a grove of low trees and shrubs. The 
second and third of these regions exhibit nearly the same aj)pearance throughout the 
year. The trees and shrubs are evergreens, and the immense plain of grass only changes 
its colour from green to brown. But tlie first region varies with tln^ four seasons of the 
year in a most extraordinary manner. In winter the leavers of fin* thistles arc large and 
luxuriant, and the wliole surface of the country has the rough appearance of a turnip-field. 
The clover in this season is extremely rich and strong ; and the sight of the wild cattle 
grazing in full liberty on such pasture is very beautit ul. In spring the clover has vanished, 
the leaves of the thistles have extended along the ground, and the country still looks like 
a rough crop of turnips. In less than a month th<* change is most extraordinary; the 
whole region becomes a luxuriant wood of enormous thistles, which have suddenly shot 
up to a height of ten or eleven I’eet, and are all in full bloom. TIkj road or path is hemmed 
in on both sides ; the view is completely obstructed ; not an animal is to be seen ; and the 
stems of the thistles are so close, to each other, and so strong, that, independently of the 
prickles with which they are armed, they form an impenetrable barricT. 'fhe sudden growth 
of these plants is quite astonishing ; and though it would be an unusual misfortune in 
military history, yet it is really possible, that an invading army, unacquainted with this 
country, might be imprisoned by these thistles belbre they had time to escape from them. 
The summer is not over before the scene undergoes another ra[)id change ; the thistles 
suddenly lose their saf» and verdure; their heads droop; the leaves shrink and fade; the 
stems become black and dead ; and they remain rattling with the breeze one against 
another, until the violence of the pampero or hurricane levels them with the ground, where 
they rapidly decompose and disa|)pear — the clover rusln^s up, and the scene is again 
verdant. Such, in the main, is Captain Head’s description of the extraordinary spectacle, 
which has doubtless been annually exhibited by this division of the pampas ever since its 
emergence from the ocean under whose billows it once lay. It must not be imagined, 
however, that the region of the |)ampa8 displays uniformly this vigorous vege.tatioii. 
There are large spaces which are absolutely sterile tracts of sand and stom% but sur- 
rounded with districts sufficiently luxuriant to pasture enormous droves of cuttle which 
are more or less under the dominion of man. 

The northern division of the western continent contains a single connectcnl tract of 
flat country, which forms the central part of North America, reaching from the coasts 
of the Mexican Gulf to the inhospitable shores of Hudson’s Bay and tluj Arctic Sea. 
This vast region, almost as large as the whole of Europe, is the site of two of the 
greatest river-systems of the earth, that of the Mississippi with its affluents, and that of 
the St. Lawrence with the chain of the Cana<lian Lakes. No prominent elevation 
appears between these rivers pursuing different directions, serving as a water-shed ; and 
os little observable is the elevation of the partition which sejiaratcs the streams flowing 
to the St. Lawrence and to Hudson’s Bay. Both have a very gentle descent, and proceed 
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from unimportant heights above the level of the sea. Lake Superior is only 600 feet 
above the level of the ocean, Lake Erie 528 feet, and Lake Ontario 216 feet, while the plains 
about Cincinnati have scarcely an absolute height of 480 feet, and yet the Ohio is there 
1400 miles from its confluence with the sea by means of the Mississippi. In this great 
district a person may have been born, may have lived to old age, and travelled much, 
without once seeing an elevation worthy of the name of mountain. It extends through 
all zones of vegetation, having palms and bamboos in its southern portions, while its 
northern margin, during great part of the year, is covered with snow and ice. Flint, 
the American geogi*aj>her, classes under the three distinct aspects of the wooded, the 
barrens, and the prairie country, the general surface of this territory, the Far West, 
as it is termed by the inhabitants of the Atlantic portion of the United States. In the 
timber region the trees are remarkable for the grandeur of their form and size. Fre- 
quently there are but few low shrubs, and the large tall trees are branchless a consider- 
able way up, their smooth straight trunks appearing like stately pillars. The rays of 
the sun playing upon the magnilicent upper foliage, and glancing through it, give to the 
forest the aspect of a cathedral in which the light is modilied by the stained windows, 
and falls in tinted streams upon the Gothic arches and columns. The Barrens, or barren 
grounds, exhibit an undulating surface covered with long coarse grass, interspersed with 
copses of hazel and underwood, and a few stunted oaks scattered here and there, which 
resemble the masts of ships seen at a distance. They are found east and west of the 
Mississippi, and occupy extensive spaces, but are chiefly situate along the margin of the 
Alleghany and Ilocky Mountains, where they form a series of small plateaus. The 
remaining, and by far the most extensive division, is that of the prairies, which exhibit 
no inconsiderable diversity of aspect. These are imuH'use meadows, classed as wet or 
dry, or heathy, according to their character. The heatliy })rairies are covered with 
bushes of hazel and furze, small sassafras shrubs, with grape vines, and an infinite 
variety of flowers in the summer season. The wet prairies occur by the side of the 
groat watercourses, and are scenes of exhaustless fertility, almost dead levels ; but they 
are found also apart from the rivers, and form insalubrious marshes, like the Dismal 
Swamp in Virginia, and the great morasses of Florida, The dry prairies constitute 
the most extensive class, and are for the most part destitute of springs, and of all 
vegetation but weeds, flowering })lunts, and grass. 'J’hey are the plains over which the 
buffaloes range, without wood or water, on which the traveller may wander for days, 
beholding the heavens on every side sinking to contact with the grass, and hearing little 
beyond his own footfall. Th(*y have gently undulating and wavy surfaces, which has 
originated the name of the rolling prairies. “ After a toilsome march,” says Washington 
Irving, “ of some distance through a country cut up by ravines and brooks, and entangled 
by thickets, we emerged upon a grand prairie. Here one of the characteristic scenes of 
the ‘Far West’ broke upon us. An immense extent of grassy, undulating, or, as it is 
termed, ‘ rolling ’ country, with here and there a clump of trees dimly seen in the distance 
like a ship at sea, the landscape deriving sublimity from its vastness and simplicity. To 
the south-west, on the suinnut of a hill, was a singular crest of broken rocks, resembling 
a ruined fortress. It reminded me of the ruin of some Moorish castle crowning a height 
in the midst of a lovely Spanish landscape. The weather was verging into that serene, 
but somewhat arid season, called the Indian summer. There was a smoky haze in the 
atmosphere that tempered the brightness of the sunshine into a golden tint, softening the 
features of the landscape, and giving a vagueness to the outlines of distant objects. 
This haziness was daily increasing, and was attributed to the burning of distant prairies 
by the Indian hunting parties.” The richer prairies are scenes of astonishing beauty 
during the months of vegetation, owing to the variety and hues of the flowering plantSi 
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with their tall arrowy stems, and spiked or tassellated heads. Through the summer 
months there is a distinct succession of dominant colours, the prairie appearing like a 
carpet of purple velvet in spring, passing to one of red at midsummer, and gold in 
autumn. . 

Striking examples of these districts in the western world, upon a small scale, appear 
upon the surface of the level land of Europe. Though this has already been cursorily 
noticed, yet, as a home territory, it deserves another glance. The great space extending 
from the shores of the Black to the coasts of the White Sea, and from the western ft>ot of 
the Ural Mountains to the English Cliannel and the Atlantic Ocean, presents savannahs, 
primeval forests, barrens, morasses, and the most richly cultivated plains, alternating with 
each other in a manner the most diversified, inhabited in some parts by nations of the 
highest degree of intelligence, while in others nomadic tribes wander on its surface from 
pasture to pasture. Surprise has often been excited at the enormous droves of oxen, 
horses, and mules that feed upon the plains of America ; but the aggregate amount which 
find pasture upon the European levels is not less prodigious, the number of oxen, cows, 
and calves alone, sustained upon those fiats of the Danube that are within the limits of 
the Austrian monarchy, being estimated at upwards of thirteen millions. The south and 
south-western parts of the vast Sarmatian plain, which includes nearly the whole of Eu- 
ropean Russiti, has large districts of rich black loam of almost incredible fertility. This 
is remarkably the case with the great wide plateau of Podolia and Volhynia, which abuts 
against the outliers of the Carpathian Mountains. “ The traveller,” says a very attentive 
observer, “ who proceeds from the north to the south, sees it afar in the blue horizon, 
hails it as a happy island after having trav(U*sed lor days together monotonous fields of 
sand, or the melancholy and gigantic morasses of KatiuT and Pinsk ; nor will he find 
himself deceived in his expectations, lie reaches a r(‘gion as rich and fruitful as it is 
kind and hospitable ; he finds lovely landscapes and beautiful tracts of country.” The 
origin of the peculiar black vegetable earth which distinguishes this southern margin of 
the Sarmatian plain, has thus been intimated by Dubois. If we remember, he remarks, 
that this territory was in early times covered with a splendid growth of trees — that even 
at the time of Herodotus the Scythians cultivated it, rooting up the woods, according to 
their ancient usage, considering them as so many encroachments upon their tracts of 
pasture — that those nomadic raises, the Tartars, who drove their numerous herds on this 
great highway of Oriental nations, inherite<l the Scythian aversion to trees; — if we 
remember these facts, we shall not be, surprised at finding that these beds of thick black 
vegetable earth now form a mine of gold to the country. Westward, along the banks 
of the Vistula, between the town of 'I'liorn and the sea, we have plains celebrated for 
their fertility and productiveness, which now fill the granaries of Dantzic with corn, and 
which the German knights rescued from the waves in the thirteenth century, and ren- 
dered them integral portions of the continent by artificial mounds similar to those which 
at present, to a greater extent, defend them from the waters of the Baltic. The dyke ol 
the plain of Marienburg, it is known, existed before the year 1397 ; and that of the plain 
of Thorn has now an extent of forty-five German miles, without including its numerous 
small windings and turns. Immediately contiguous are plains which remain in their 
original condition, and are only in part used as pastures, being overgrown with bushes, 
the haunts of wild animals. Here also lie the remains of one of the aboriginal forests 
of Lithuania, a waste of wood consisting of firs, pine-trees, and oaks, which man has 
seldom visited, and into the interior of which the axe of the woodman has never pene- 
trated. It bears the name of Niezearow, or the “ unknown country,” as the number of 
stems which have fallen upon and across one another render it thoroughly impassable. 
An abundance of moose deer, bears, lynxes, and wolves inhabit this forest region, in the 
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heart of Europe, which is analogous to the selvas of the Amazon. Compared with the 
north of Germany, the spring here begins late, and is short ; the summer is foggy and 
stormy ; and the mean temperature lower than that of more northerly districts. 

Proceeding in a westerly direction, the flat land traverses the north of Germany, and 
here forms a series of ascents and descents from the shores of the Baltic to the foot of the 
Alps, in which however the ascent becomes more marked as the south is approached. A 
line drawn from the island of Usedom at the mouth of the Oder, through New Strelitz, 
Berlin, Leipsic, Greitz, Baireuth, Ratisbon, and Munich, to the Tegern Lake, divides 
Germany into two parts, the east and west ; and along its whole extent, there is only a 
single mountainous tract to pass over, which commences at Greitz about the middle 
distance. Following this line 1‘rom the north, the traveller gradually rises by a series of 
terraces, the loftiest of which, at whose southern margin the Alps with their high masses 
plunge into the depths beneath, stands about 1400 feet above the spot where he com- 
menced his journey. The physiogonomy of the country through wliich he passes is of the 
most varied kind. At its northern extremity are the gently undulating hills of Usedom, 
with their beautiful and verdant forests, affording in open spots, on the one hand, a view of 
that billowy sea which only terminates with the sky, and on the other the tranquil waters 
of the mouth of the Oder are seen, with the coast of Pomerania, enlivened by numerous 
sails which the active commerce of Stettin sends into distant lands beyond the ocean, into 
other hemispheres and other climates. The coast of Pomerania is to a considerable extent 
an open cornfield, without a tree or bush, a fruitful solitude, wearisome from its sameness. 
Beyond, at the horizon, a sharp line arrests the eye, the heights of Mecklenburg, a 
district where the scene alters, and the abodes of a rich population appear, enclosed in 
fruitful gardens, around the capital of the beautiful country of New Strelitz. Farther 
towards the south the soil changes ; sand becomes the prevailing element, and woods of 
the gloomy pine and common fir intermingle with the meagre sand-fields on which man 
can only obtain a scanty subsistence from the earth. This is the j)revailing character of 
the country through the Mark of Brandenburg, the whole of which is covered with erratic 
blocks, many of enormous size, which some great inundation has apparently borne hither 
from their native Scandinavian bed. Reaching the Elbe, a new soil commences on its 
southern bank ; luxuriant corn-fields appear, which only become more productive, till the 
fruitful fields of Leipsic open before UvS. The great plain we have been following from 
the Baltic, ends at G reitz, on the White Elster ; and, at the south bank of the river, the 
traveller ascends the first terrace of the plateau of Southern Germany. It is not, how- 
ever, a ridge which he attains, but a plain, reaching to Gera, where he beholds before 
him plains again and again, which rise like terraces one above the other. Farther on, 
he wanders through narrow valleys overshadowed by the powerful steins of the red and 
white fir, leading to the foot of the mountain chain which abuts against the ramparts of 
Bohemia. The valley plain of the JMaine is now entered, presenting variegated meadows, 
rich corn fields, the red roofs of innumerable villages ; and afterwards we proceed to the 
plateau of the Upper Palatinate, which, by its barrenness, strikingly contrasts with the 
region we have just left. The northern fir, here and there mixed with the pine, becomes 
again the prevailing tree ; and the country has all the aspect of the plains of Branden- 
burg, till we arrive, by a wood of pines passing over a mountain ridge, within sight of the 
venerable Ratisbon. Wild and deep rushes the Danulie past its walls, not so much 
splashing as foaming against the pillars of the lofty bridge which conducts us across a 
fertile plain, with wavy elevations, to the valley of the Isar, which forms only a moderate 
depression in it. Here, standing on some heights near the small town of Freising, the 
traveller sees on the southern horizon what he thinks at first a mere vapour in the air — 
a heap of clouds, the edges of which appear serrated. It is the Alps! Over a plain more 



VALLEYS AND GREAT LEVELS OF THE EARTH. 


237 

smooth and level than any which are observed in the north of Germany, we travel to the 
capital Munich, which, with all its palaces and monuments, stands in the midst of a large 
unattractive level, extending with few interruptions to tlie Tegern lake, one of the 
entrance gates of the Alps. 

The level land of the north of Germany extends westward through Holland, Belgium, 
and France ; and in the latter country it surrounds in a great arc, with but few inter- 
ruptions, that system of mountains, which, rising in Cevennes, extends to the Lower 
Rhine. Great diversity in the form and soil of the surface, and the nature of its cultiva- 
tion, is the character of this part of the neighbouring kingdom, which, wdth fertile and 
most fruitful districts, exhibits true steppes and actual desserts. The following sketch of 
a portion of this flat land — that on tlie western coast — is indebtc'd for several of its fea- 
tures to the lively pictures of modern travellers. Setting out from the Pyrenees, and 
proceeding to Bourdeaux, we pass over the dej)artm(*nt of the Landes, the direct track 
lying through a wild sandy desert, in many parts too unproductive even for sheep walks, 
in others presenting forests of pine of vast exhjut. 'J'hc pleasantry live in solitary cabins ; 
employed in cultivating the soil wdiere it is not absolutidy sterile ; tending hardy sheep, 
or making charcoal in the woods ; traversing the deserts on stilts in order to pass the 
intervening morasses dry-shod. Reaching the wide and hay-formed mouth of the Gironde, 
in which its waters lose the wild tempestuousness which marks their early career in the 
Pyrenees, we meet with a country on the right bank, which in appearance is tolerably 
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rich, covered with plantations of vines, and sinking softly in innumerable hills down to the 
sea. The chain of sand on the sea-coast is bordered by a beautiful alternation of fields, 
woods, and meadows, with villages bearing the aspect of cleanliness and comfort, their white 
houses and green window-shutters contributing to the agreeable effect of the landscape. 
Here is the district of Saintongc, which, with its waving valleys and classic reputation, 
acquired in poetry the name of the Flower of France. Along the whole coast, light- 
houses have been erected, that of the tower of Cordouan, built by order of Henry IV., 
being the most ancient and admired, and the most celebrated in France. It stands on a 
rock two miles out amid the waves, announcing the vicinity of a dangerous coast; and 
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the fancy readily turns to it as a memorial of sorrow, on the grave of a city engulfed 
by the encroaching waters — the Novioregum of antiquity. 

A melancholy spectacle is presented farther north, towards Rochefort, that of flat 
barren wastes, and salt marshes, with here and there a spot planted with trees, and 
occasionally there is a village deserted and in ruins, high grass, and elder bushes 
mingling with its remains. It is hence with pleasure that the traveller descries the 
dome of the hospital and the walls of Rochefort ; but, notwithstanding its fresh and 
smiling asf>cct, and the pleasant murmuring of its large elms, the town has been literally 
snatched, at an immense cost, from the morass, and no sooner is it passed than the 
dismal swamp again appears. The whole road to La Rochelle is of a melancholy 
character, and especially so if traversed under a cloudy sky. It crosses a dreary steppe, 
of which the sea is the limit on one hand, and which is apparently boundless on the 
other. At distant intervals arc a lew tamarind trees ; or a lonely farm-house sends out 
its gloomy smoke ; or some conical hay ricks are passed, standing round a neglected barn ; 
or a meagre horse, with scanty mane, stands beside the road, and neighs at the approaching 
storm. The sea bents against the foundations of the road, and the sea-mews cross it, 
driven by the wind, their white wings contrasting strongly with the dark and louring 
clouds. Thus, at both extremities of the flat land of Europe, — the western, where it 
reaches the Atlantic, and the eastern, where it ends with the Caspian, — we find the same 
superficial aspect — a monotonous, desolate, and treeless waste. 


CHAPTER IV. 

CAVEUXS AND SUUTEllUANEAN PASSAGES. 







HEN we reflect upon the manner in which the 
solid crust of the earth appears to have been 
formed, upon the powerful upheaving force by 
which its elevated sites have been raised, and the 
posterior agencjy of subterranean gases, volcanoes, 
and earthquakes, it is natural to expect chasms in 
the surface of tremendous depth, spaces also in 
the interior which have not been fllled up with 
masses of stone similar to the materials of the 
earth itself, but by water, air, or vapour, with 
those cavities of grotesque and romantic ap- 
pearance that are found in mountainous re- 
gions. There are few natural objects w^hich 
have more awakened curiosity, or more strongly 
affected the imagination, than tlie hollow places, 
of various form and size, common in districts 
which have been subject to great physical dis- 
Their seclusion and gloom — their fantastic architecture — the effect of 
torch-light upon their numerous ci^stallisations — the augmentation of sound and its 
reverberation — together with their unknown extent in many cases — all these causes 


turhance. 
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contribute to invest the cavities of the earth with exciting interest ; nor is it strange to 
find them interwoven with the traditions and mytiiologies of unenligiitened nations. On 
account of tlieir sombre interior and strange outline being adapted to innHise upon an 
ignorant populace, and give effect to religious observances, the priesthoods of antiquity ' 
localised in caverns their false divinities, and celebrated sanguinary rites upon the ; 
natural altars found in their recesses. A cave, with a priestess seated upon a tripod at i 
its mouth, pretending to inhale a vapour from the interior which inspired a knowledge 
of future events, the gift of Apollo ; was the original Delphian oracle, reverenced by the 
mind of Greece, and resorted to by the proudest moiiarchs of tlie ancient world. The 
cavern, along with the deep forest, eommemled itself to the primitive inhabitants of 
northern Europe by its mystery and gloom as an appropriate spot for the performance of 
a barbarous worship, and many local titles of such sites preserve the memory of their 
former uses. An instance of this we have in Thor’s cave, or, as Darwin calls it, 

“ The blood-sniear’d mansion of gigantic Tlior,” 


a broad excavation on the face of a liuge rock in the limestone district of Derbyshire, 
divided into two chambers, one beyond the other, with a detaehed stone at the lurtlier 
extremity, where the light of day is very much subdued. But in India the largest us(i 
has been made of caverns for religious purposes, and immense ))ains have been taken 
with their adornment, (jxtension, and architecture, at Klephanta, Salsette, and Ellorn, 
where there are elaborately wrought temples eonstrueted, probably out of small natural 
crevices in the rock. We shall now refer to a few of those cavities which are entirely 
the workmanship of nature, with whose form man has not intermeddled, and notice the 
principal phenomena which they <^xhil)it. 

That extensive cavities exist in the interior of the crust of the globe is evident from 
the phenomena of volcanoes and earthquakes. They an*, not accessible to observation, 
but the repeated tremblings of the soil in various jdaecs, and experiments made of 
oscillations of the pendulum, point to the conclusion, that tlicre are large underlying 
hollows, at no great distance from the surface, of whicli the superficial land forms the 
^ roof. The table-land of Quito, sur- 
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rounded by the most powerful volcanoes 
upon the earth, and the remarkable 
plain of Jorullo, are supposed to he. ex- 
amples of this. Condamine believcMl 
that a considerable portion of the 
former district was to be regarded as 
the dome of an enormous vault; and 
Parrot has shown it to be highly ])ro- 
bable, by a careful calculation, that a 
cavity of at least a cubic mile and a 
half exists beneath its surface. The 
rumbling noise, like that ol‘ distant 
thunder, which on the testimony of 
Humboldt usually precedes and accom- 
panies the eruption of its volcanoes, 
affords evidence in favour of this sup- 


position, and as an increase of the subterranean vacuity must be the necessary conse- 
quence of every outbreak, it is not at all an improbable event, that the blooming landscape 
will ultimately fall in, and this piece of table-land become an immense depression. 
The quantity of material scooped out of the interior of the earth by volcanic action is 
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immense, and calculated to produce vacuities in which the largest mountains would have 
ample space. It has been estimated that Etna in one of its last most important erup- 
tions, that of the year 1 769, threw out a mass of lava equal in volume to a cone 5820 
feet in height, and 11,640 feet in breadth, or nearly four times larger than Vesuvius. 
Fourteen such eruptions would produce a mass equal to Mont Blanc, reckoning from the 
level of the sea, and twenty-six such large eruptions have occurred since the twellth 
century. In the year 1783, when the earthquake of Calabria occurred, the Skaptar 
volcano in Iceland poured forth a stream of lava fifty miles long, between twelve and 
fifteen broad, and from one to six hundred feet in thickness, which must have been 
equal to six times tin*, muss of Mont Blanc, and two and a half times that of Chimbora90. 

From the discovery of America to the year 1759, the plain of Malpais, a volcanic 
district in Mexico, hud remained undisturbed, and was covered with plantations of 
indigo and sugar-cane at the hitter period. In the month of June, a succession of 
earth(piak(?8 comrmmced, and on the night of Septc^mber the 2Sth a tract not less than 
from three to four miles in (extent rose, up in the shape of a dome ; and six great masses 
suddenly appeared, having an elevation of fr(»m 1312 to 1640 feet above the original level 
of the plain. 'Fhe most elevated of these is the volcano of Jorullo, which is continually 
burning, the projection of which, with its kindred masses, must have created a considerable 
subterranean vacuity, and probably the, whole dome-shaped plain of Malpais is hollow. 
Ihmce, it is a common event, in countries subject to great volcanic activity, for jmrtions 
of th(^ surfaci^ to fall in, the subsidence frequently becoming the bed of a lake. A part 
of tin? for(‘st of Aripas in the Caraccas thus subsided in tbe year 1790; a lake was 
fiirmed nearly half a mile in diameter, and from eighty to a hundred yards in depth, 
and for several months aft<*r the tre<‘s of the forest rcmain(‘d green under the water. In 
the same year, in Sicily, at Santa Maria de Nisrenii, a |>ortion of the country three 
Italian miles in circumference sank thirty f(‘et deep. Occurrences of the same kind 
a]»peur to take place in the depth of the S(‘a, the falling in of its bed being indicated on 
the surface of the waters by their sudden retr<‘at and violent agitation on tlieir return. 
A remarkable example of this phenomenon lo(»k place at Marseill(‘s, on June 28, 1812, 
W'Ihmi the water in the harbour suddenly sank, then rushed out with great rapidity, and 
returned with eiiual violence; a movement which was r(‘p<‘ated several times, till the 
equilibrium was reston'd, occasioning I'onsidcrable damage to the shipping. Instances 
of similar events are innumerable, which serve to prove the existence of cavities, both 
ill the interior of the exposed crust of the earth, and these parts of it over which the 
ocean rolls. 

To Humboldt we are indebted for a large amount of information respecting the cavities 
which appear upon the surface, the chief differences of their form, the beds in w hich they 
arc found, and the causes which may have originated them. In the primary rocks, 
caverns an^ ndatividy fewer than in the later deposits, while the oldest masses of the 
granite and gneiss formations are particularly destitute of them. The principal ore wide 
fissures, sometimes of unknoAvri ilepth. and those hollow passages which occur in 
Switsserhind and l>auphifu\ called crystal caves, owing to their walls being richly 
furnished with pillars (»f rock crystal. Similar vacuities occur in the gneiss of the 
Pine mountain in the neighbourhiH>d of AVieseiithal, but they are not important. 
In Sw’cden and Norway, the granite presents fissures and caves of extraordinary 
extent, and perfectly unexplored, hitherto ; such as the cave of Marienstadt, the end 
of w’hich is not known, and th«* enorinoiis det^p hole at Frederickstall, where a 
stone throwm in only gives the t‘eho of its fall in a minute and a half or two minutes ; an 
observation which, if wtII founded, would give, on the calculation of Perrit, a precipitous 
depth of 59,049 feet, the highest estimate, or 39866 feet, the least ; that is, from twice to 
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three times the height of Chiinbora 90 , It is the primitive limestone that supplies the most 
numerous examples of caves and grottos in the primary rocks ; and if tliese yield in point 
of size to the later limestone formations, this arises from the inferior extent of the 
primitive limestone, rather than from its incapacity to form caves. In the transition 
mountains, and those of stratified structure, it is still the limestone in which the more 
extensive caves are found, of which those of the Ilartz, the splendid caverns of 
Derbyshire, and those of the Carpathians, ore well known. Caverns most fnniucntly 
occur in the mountains of stratified limestone; and among these, one of the most mcHlern 
formations, the Jura limestone, is particularly distinguished, and was therefore termed 
Uie cavern-limestone by the early geologists. The celebrated caves (»f Franconia, the 
grotto of Notre Dame be.twecn (J renoble and Lyons, the caves of Westphalia, and that of 
Kirkdale in Yorkshire, occur in tliis formation. Next to the limestone in the stratified 
formations, the so-called older gypsum which contains salt is the most abundant in 
caverns. They are of rare wcurreiice in the sandstone, have* generally broad openings hut 
of no great extent. Such are the C^»w -stall in Saxony, and a few caves in Hoheniia. 

In the volcanic rocks, cavern formations arc vt*ry coniiiKm, and one of tln^ most splendid 
examples in the world occurs in the husult, a rm'k of comparatively modern igneous 
origiiL This is the well-known cave of Fitigal, in the island of Slailtt, a small island on 
the western coast of Si'otluud, composial entirely of amorphous and pillart^d basalt. I'he 
name of the island is derived from its singular structure, Staffa signifying, in tJie 
Norwegian language, a (>eople wlio were early on this coast, a stuff, and, iigurativcly, a 
column. The basaltic columns linvc in various places yi(‘hhHl to the, action of the W’uves, 
which have scooped out caves of the most pi<‘tun*s<|ue description, the chief <»f which are 
the Boat cave, the Cormorant cave, s<» culled from the number of these birds visiting the 


spot, and the great cave of Fingal. It is rcniurkahlc that this grand natural object 
should have remained comparatively unknown, until Sir Joseph Banks luul his attention 
accidentally directed to it, and may be said to have discovered it to tin*, inhabitants 
South Britain. This great cavern consists of a lava-like mass at the base, and of two ranges 
of basaltic columns resting upon it, wliicli present to the eye an appearance of regularity 
almost architectural, and supporting an irregular ceiling of rock. According to the mea- 
surements of Sir Jo8t;ph Banks, the cave from the rock without is 1571 feet (5 imdies; the 
breadth at the mouth, 53 feet 7 inches; the height of arcli at tlie mouth, 117 feet G inches ; 
^,imi depth of w'uter at tlie mouth, IH feet ; and at the lK>ltimi of the cave, 9 feet, 

t r J of the waves which wash into the cavern has originated its 

H i j Gaelic name, Llaimh-liinn, the Cave of Music. Muceullmdi re- 

marks: If to(i much admiration has been lavished on it by 

I, • * ^ some, and if, in eori8<;qucnee, more recent visitors have left it 

. n ‘1^ with disappointment, it must be recollected, that all descriptions 
. . ‘ are hut pictures of the feelings of the narrator; it is, more- 

• Ij, I*' 'hr over, as unreusonahle to exjMfct that the suinc objects should 
Vjli lilji! produee eorrespoiidiiig etfeets on all minds, (»ii the enlightened 
Ijj, ami on the vulgar, as that every individual sliould alike be 

1% !l| * • sensible of the merits of Phidias and Uaphuel, of Sophocles 
j ^ ^ ^ i. ' /||: and of Shakespeare. But if this cave were even destitute of 

;f . ^ order and symmetry, that rieliness arising 

. ~ " " I * multiplicity of parts eomhined with greaU 

length, the twilight gloom half conctealing 

.. t.lavfiil nrirl vRrvinf^ nf 


'.'■•I. 


La*v lit 


the playful ami varying effects of reflected 
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llghty the echo of the mensured surge as it rises and falls, the tptnsparent green of the 
urater, and the profound and fairy solitude of the whole scene, could not fail strongly to 
impress a mind gifted with any sense of beauty in art or in nature, and it will be com- 
pelled to own it is not without cause that celebrity has been conferred on the Caye of 
Fingal.” Caverns occur in modem porphyiy in the neighbourhood of Quito, and even in 
modem lavas, the ejection of which has taken place within the memory of man. Flinders 
Ims made us acquainted with caves in the lava of the Isle of France ; and in the lava of 
Vesuvius of 1806, Gay Lussac found several upon a small scale. But caverns of an 
enormous extent occur in the lava of Iceland, that of Gurtshellir, situated in the torrent 
which has flowed from Bald Yokul, being forty feet in height, by fifty in breadth, and 
nearly a mile in length. Beautiful black volcanic stalactites hang from the high and spacious 
vault, and the sides present a succession of vitrified horizontal stripes, a thick coating of 
ice clear as crystal covering the floor. Henderson, in particular, describes one spot, the 
grandeur of which surjjassed all expectation, the light of the torches rendering it peculiarly 
enchanting. The roof and sides of the cave were decorated with the most superb icicles, 
crystallized in every possible form, many of which rivalled in minuteness the finest 
zeolites ; while from the icy floor rose pillars of the same substance, assuming all the 
curious and fantastic shapes imaginable, mocking the proudest specimens of art, and 
counterfeiting many well-known objects of animated nature. A more brilliant scene, says 
Henderson, perhaps never presented itself to the human eye, nor was it easy for ns to 
divest ourselves of the idea that we actually beheld one of the fairy scenes depicted in 
Rasteni fable. 

Among the forms under which caverns present themselves, Humboldt distinguishes 
three principal kinds, which essentially differ from each other, notwithstanding all their 
apparent irregularities. 

The first apfK'ur in the form of cracks or fissures, like empty veins of ore, of greater or 
less extent, Init narrow and considerably prolonged, often penetrating far into the 
mountain, and only reaching the day at one end. Kldon hole, in the Peak of Derbyshire, 
is an example of this class. This is a deep yawning chasm in the limestone strata, but 
no longer considen^d one of the wondi^rs of the region, as its presumed unfathomable 
depths have lK>en satisfactorily measuri'd. In the reign of Queen Elizabeth, the Earl of 
Ijeicester is said to have hired a man to go down into it to ascertain its extent and form. 
The account of the adventure states, that he was let down about two hundred ells, and 
after he had remained at the length of the rope awhile, he was drawn up again, with 
great expectation of some discoveries ; but he came up senseless, and died within eight 
days in a phreiisied condition. Cotton alludes to this circumstance in bis rude English 
verses, — 

Once a mercenary fool, *tU said, exposed 
11 life for gold, to find wliat lies inclosed 
In this obscure vacuity, and tell 
Of stranger sights than Theseus saw in hell ; 

But the poor wretch paid for his thirst of gain — 

For, being craned up with a distempered brain, 

A faltering tongue, and a wild staring look. 

He litctl right days, and then the world forsook.*' 

Eldon Hole Is a fissure about sixty feet long, twenty wide, and two hundred deep. In 
the Philosophical Transactions for the year 1781, tliere is an account of the descent of 
Mr. Lloyd, who was let down with a rope by eight men, and found the light suttdently 
strong at the bottom to allow him to read print. He discovered a fissure in the rock at 
the bottom, through which a strong current of air proceeded, but as the aperture was 
nearly filled up with huge stones, he could not examine it. A former owner of thef 
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pMtufe iii wluch the chasm to situated, having lost cattle bj falUiig Ittt^ the 

attempt to iiU it up, and threw down manj loads of stones without aiij^^^btl some 
of which were prdbablj those which choked the aperture reached bf Hr^ Llp^ The 
whole extent and actual depth of Eldon Hole have not therefore been ascertained 

There is a second kind of caverns which ore essentially distinguished from the first by 
the circumstance that they reach the daylight at both ends, piercing through the rocks in 
which they are situated, and forming natural shafts. Their appearanoe is very remarkable 
when they occur on tlie top of isolated mountain-peaks, or of independent masses of rodk ; 
and when they are so straight that the day-light appears through them, they present a 
very remarkable aspect, and have been designated by the name of transparent caverns. 
On this account, the so-named Martin*s hole is particularly celebrated. It penetrates the 
Tschingel-peak, one of the highest mountains of the Dodi chain ; and twice in the year, 
in March and in September, the sun appears as if through a pi}>e, and gives to the valley 
beneath a highly singular and pleasing light. A similar phenomenon has been described 
by Pontoppidan as occurring in Norway, where there is a perforation of the mountain of 
Torghatten in Helgoland, ol‘ fifty fathoms in height, and a hundred fathoms in length, 
through which the daylight appears. JJke phenomena presimt themselves at Ihe hollow 
stone of Muggendorf ; likewise in Saxon Switzerland, and a whole series of these per- 
forations occur on the coast of the island of Heligoland, and on the ooast of New 
Zealand. 

The third and most frequent form of caverns is unquestionably that in which there is a 
series of extensions of nearly similar height and direction, whieh afe connected with each 
other by passages of greater or less extent. This is the form of the caverns of the Hartz, 
the cave of Caripe visited by Humboldt, of Antiparos, and of the Peak of Derbyshire, 

the entrance to which, with 
the castle on its summit, is 
here represented. This is 
also the form of the more im- 
portant caves of Franconia. 
The extent of these penetra- 
tions into the mountains, in 
. particular of such as are si- 
tuated in limestone, is often 
very extraordinary. In 
many of them the extremity 
has never been reached; 

* and it appears from con- 
current testimony that some 
of them have been ex{>lorcd 
- for more than a mile in 
length. In this resficct, the 
cove of AdclslKTg, six miles 
_ from Tricst<i, is mentioned 
as the greatest of all, excel- 
_ ling all known caverns, not 

Peveril of thr with the mouth of the <:«vc. only ill length, but in 

height. Deep abysses of five 

and six hundred feet often occur in it; and in one of these, it was found necessary to give 
up the attempt to proceed farther. The entrance resembles a fissure rri a huge rock caused 
by an earthquake. Here torches are always lighted to conduct visiters. Tlic cavity itself 
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TIm CupoU Cavern. 


seems as 5f divided into several large kails and* 
other apartments. The vast number of pillars 
by which it is ornamented by nature gives it 
a superb appearance; for they are as white aa 
snow, and have a kind of transparent lustre. 
The bottom is of the same material ; so that a 
person may imagine he is walking among the 
ruins of some stately palace, amidst noble pillars 
and columns, partly mutilated and partly entire. 
From the top, sparry icicles are seen every- 
where suspended ; in some places resembling 
wax tapers, which, from their radiant whiteness, 
appear extremely beautiful. Here occurs that 
extraordinary animal the Proteus, in shape be- 
tween a lizard and an eel, transparently white, 
with a tinge of rose colour about the head. It 
adds, as Davy remarks, one instance more to the 
number already known of the wonderful manner 
in which life is produced and perpetuated, even 
in places which seem the least suited to organ- 
ised existences — an animal to whom the pre- 
sence of light is not essential, living indifferently 
in air and in wat(u*, on tlie surface of the rock, 
or in the depths of the mud. 

Of an analogous kind is the Peak cavern in 
Castleton Dale, the approach to which is in the 
highest degn^e magnilicent. The traveller passes 
through a chasm between two ranges of perpen- 
dicular r<K*ks, having on his left a rivulet W'hieh 
issues from the cave, and pursues its splashing 
ctiurse over craggy and broken masses of lime- 
stone. A vast mass of rock suddenly appi^ars 
befori^ him, with the mouth of the cavern, whicdi 
assumes the form of a depressed arch, a hundred 
and twenty feet in width, forty-two in height, 
and about ninety in receding depth. At the first 
entrance, a spe< tator is surprised to find that a 
number of twine makers have established their 
residence and manufactory within this gulf; and 
their rude api>earanee and machines singularly 
combine with the sublime features of the natural 
sc^enery. After proceeding about thirty yards, 
the roof beiH.>ine8 lower, and a narrow passage is 
reached wliere the blaze of* day, which has bei*n 
gradually softened into twilight, wholly disap- 
(lears, and all further researches must be prose- 
cuted by toivb-light. After jwnetrating twenty 
or tliirty yards in a stooping posture, tbei*e is a 
spacious o|H*niug, beyond which is the margin of 
a small lake called the First Water, the over^ 
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hanging rook descending in one place to within twenty inches of iu luriace. The lake 
is crossed in a boat or skiff, partly filled with straw, in which the passenger lies down, 
and is conveyed to the other side, where a spacious vacuity opens 220 feet in lengtli, 
200 feet broad, and in some parts 120 feet high ; but from the want of light, neither the 
roof nor the sides of this great cavity can be plainly discerned. Proceeding onwards by 
#e side of the Second Water, there is a projecting pile of rocks popularly called Roger 
Rain’s House, on account of the water incessantly dripping from the crevices of the roof. 
Beyond this, another hollow opens, called the Chancel, where the rocks appear much 
broken, and the sides are covered with stalactical incrustrations. Here the stranger is 
generally surprised by on invisible vocal concert, which bursts in wild and discoixlant 
tones from the upper regions of the CAvern, where a group of women and children are 
stationed for the purpose, the inhabitants of some of the huts at the entrance. After 
leaving the Chancel, and passing the Devifs Cellar, and the Half-way House, the path 
leads beneath three natural arches to another vast concavity, termed Great 'ioin of 
Lincoln from its resemblance to a bell. Here, under the iiiHucnee of a strong light, the 
arrangements of the rock, the spiracles in the roof, and the flowing stream, prcaluce a 
striking sceno^ From this point the vault gradually descends, the passage contracts, and 
at length leaves only room sufficient for the stream. Th<* entire length of this great 
excavation is 2250 feet, and its depth from the surface of the mountain about 620. A 
striking effect is frequently prtKluccd by the explosion of a small quantity of powder, 
wedged into a crevice of the rock, the report of which rt>lls along the roof and sides like 
a heavy and prolonged peal of overwhelming thunder. On n‘t timing from this dark 
recess, the effect of the light is singularly impressive. The rocks appear as if highly 
illuminated, and the plants and mosses upon them so vividly gretui, as to prcaluce the 
impression that the sun must he shining brilliantly upon them, when the day is really 
dull and hazy. The Peak cavern is tlius an example of a succession of great chambers 
connected together by narrow passages ; and when we rtunenibtT the soluble nature 
of the stone, and the stream that flows through it, there can be no doubt that, if not 
formed altogether by the action of water, it yet owes its present condition to that 
agency. A more extraordinary spot, perhaps, is in the neighbourhood, at the foot of 
the Winnats, or Windgates, called also the “ portals of the winds,” a deep and narrow 
inclined chasm, about a mile in length, the lower descent of which commands a fine 
view of the beautiful vale of Custleton. Here is the Speedwell mine, an artificial 
excavation, leading to a great natural cavern. After descending upwards of a hundred 
steps, and reaching the blackness of darkness, the visitor embarks upon a canal so narrow 
as to be able to touch the rock on both sides, and the ceiling above. Proceeding along 
this channel, which is not far short of half a mile in length, the guide pushing along the 
boat, an immense vacuity in the mountain is reiuthed, and landing upon a ledge of 
rock, the scene becomes indescribably strange and appalling with the aid of a Bengal 
light. On the one hand there is an abyss of unknown depth, appropriately called the 
Bottomless Pit, into which the w'ater from the level fulls with a startling sound, and 
which swallowed up forty thousand tons of material in the excavation of the mine. 
On the other hand an enormous cavity opens above, the ceiling of which no light 
can reach, for rockets have been here let off, and have given out their brilliant corusca- 
tions as freely as from the. surface of the earth. 

Humboldt describes a somewhat dissimilar but very remarkable cavern in the western 
world, in the province of New Andalusia, not far from the convent of Caripe, called the 
Cavern of the Guacharo — the name of a class of nocturnal birds who make it their abode. 
The exterior of the place was majestic even to one accustomed to the picturesque scenery 
of the Alps. He had visited the Peak Cavern, and was acquainted with the different caves 



I’lIYSICAL GF-CfCRAPHy. 


246 

; of Franconia, the Harta and Carpathian mountains; and tlie uniformity generally observ- 
j able in all these, led him to exp<!ct a scene of a similar character in that which he 
I explored in the New World: but the reality far exceeded his expectations; for, if the 
I structure of the cave resembled those he had elsewhere witnessed, the majesty of equinoc- 
1 tial vegetation gave an individual character and indescribable superiority to the entrance 
, of the Cavern of the Guacharo. The entrance is a vaulted arch, eighty feet broad sM 
seventy-two feet high; the steep rock that surmounts this opening is covered with 
I gigantic trees, mixed with creeping and climbing plants and shrubs, brilliant with blos- 
i soms of the richest colours and the most varied forms. These form natural festoons, 

1 which hang from the mouth of the cave, and are gently agitated by the passing currents 
of air. Among them Humboldt enumerates a Dendrobium, an orchideous plant, with 
• golden dowers spotted with black, and three inches long; a Bignonia, with a violet blos- 
som ; a purple DoUehos ; and a magnificent Solandra, the deep orange flower of which has 
a fleshy tube four inches long. But this luxuriant vegetation was not alone confined to 
the exterior. The traveller, on following the banks of a subterranean stream into the 
grotto, beheld them, with astonishment, adorned for thirty or forty yards with the Praga 
palm tree, plantain-leaved heliconias, eighteen feet high, and arms that resembled trees in 
their siael It was not found necessary to light their torches till they had reached the 
distance of 480 feet, owing to the continuous direction of the cavern, which allows the 
= light of day to penetrate thus far; and when this began to fail, the hoarse cries of the 
nocturnal birds began to be audible from a distance. The shrill discordant noise made 
by thousands of these birds, brought from the inmost recesses of the cave, and rever- 
berated from the arched voofs, formed an indescribable clamour. The Indian guides, by 
fixing torches to the ends of long poles, showed the traveller the nests of the bird, which 
were constructed in funnel-shaped holes, with which the roof of the grotto was pierced in 
all directions, and generally at about sixty feet high. Still pursuing the course of the 
I river, the cavern preserved the same width and height to the distance of 14d8 feet from 
the mouth. The traveller, on turning round, was struck with the singularly beautiful 
ap})earance which a hill covered with the richest vegetation, immediately fronting the 
entrance of the grotto, presented. This, brilliantly illumined by the sun’s rays, and seen 
through the vista of the dark cave, formed a striking contrast to tlie surrounding ob- 
scurity ; while the large stalactites depending from the roof were relieved against the lumi- 
nous back-ground of verdure. After surmounting, with some difiiculty, an abrupt rise in 
the ground where the stream forms a small cascade, he found that the cave diminished in 
height to forty feet, but retained its original direction. Here a blackish mould was 
found, either brought by the rivulet, or washed down from the roof by the rain-water 
which penetrates the crevices of the nnrk ; and in this he found seeds growing, which 
had been brought thus far by the birds, but so altered by the deprivation of light, that 
the species of plant, thus produced under such unfavourable circumstances, could not 
even be recognised. It was found impossible to persuade the Indian guides to advance 
further. The cries of the birds, rendered still more horrible by the contraction of the 
cave, had such an effect on their minds, that they absolutely refused to proceed ; and to 
the regret of Humboldt, he was coin|Hdled to retrace his steps. 

Caverns, especially those which are situated in limestone^ commonly present the 
formations called stalactites, from a Greek wonl signifying distillation or dropping. The 
manner of their production admits of a very plain and simple explanation. They proceed 
>om water trickling through tlie roofs containing carbonate of lime, held in solution by 
mrbonic acid. Upon exposure to the air the carbonic acid is gradually disengaged, and 
peUicle of lime is deposited. The process proceeds, drop after drop, and, eventually, 
descending points hanging from the roof are formed, resembling icicles, which are com- 
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posed of concentric rings of transparent pellicles of lime, presenting a very peculiar 
appearance, and, from their connection with each otlicr, proilucing a variety of singular 
shapes. These descending points are the stalactites profierly so called, from which the 
stalagmites are to be distinguished, which cover the floors of caverns with conical 
inequalities. These are produced by the cvafxinition of the larger drops which have 
fallen to the bottom, and are stalactites rising upwards from the gix>und. Frequently, 
in the course of ages, the ascending and descending points have been so increased as to 
meet together, forming natural columns, a series of which bears a striking resemblance 
to the pillars and arches of Gk)thic architecture. 

The amount of this deposition which we And in caverns capable of producing it, is, in 
fact, enormous, and gives us an impressive idea of their extraordinary antiquity. The 
grotto of Antiparos — one of the islands of the Grecian Archipelago — is particularly cele- 
brated on account of the size and diversity of form of these deposits. It extends nearly 
a thousand feet beneath the surface, in primitive limestone, and is accessible by a narrow 
entrance which is often very steeply inclined, but divided by level landing-places. After 
a series of descents, the traveller arrives at the Great Hall, as it is called, the tides and 
roof of which are covered with immense incrustations of calcareous matter. The purity 
of the surrounding stone, and the thickness of the roof in which the unflltered water can 
deposit all impure admixtures, give to its stalactites a beautiful whiteness. Tall pillars 
stand in many places free, near each other, and single groups of stalagmites form figures 
so strongly resembling plants, that Toumefort endeavoured to prove from them a vege- 
table nature in stone. The remark of that intelligent traveller is an amusing example of 
overconfidence: — ‘‘Once again I repeat it, it is impossible this should be done by the 
droppings of water, as is pretended by those who go about to explain the formation of 
congelations in grottoes. It is much more ’probable that these other congelations we 
speak of, and which hang downwards or rise out different ways, were produced by our 
principle, namely, vegetation.” The sight of the whole is described, by those who have 
visited this cavern, as highly imposing. In the middle of the Great Hall there is a remark- 
ably large and fine stalagmite, more than twenty feet in diameter, and twenty-four feet 
high, termed the Altar, from the circumstance of the Marquis de Nointel, the ambassador 
from Louis XIV. to the Sultan, having caused high mass to be celebrated here in the 
year 1673. The ceremony was attended by five hundred persons; the place was illu- 
minated by a hundred large wax torches ; and four hundred lumps burned in the grotto, 
day and night, for the three days of the Christmas festival. This cavern was known 
to the ancient Greeks, but seems U> have been comphjtely lost sight of till the seven- 
teenth century. Some of the caves of France and Germany have -a high reputation 
for the number and beauty of their deposits ; but the finest examples are found in the 
Cave of Adelsberg, to which reference has been made. 'Fhe Btahigmit(*s here have formed 
two bridges over the subterranean river, which are situated almost a mile apart from 
each other, the inner one of which hangs suspended from eighty to a hundred fathoms 
over the abyss. An Americ'fan visitor graphically descrilnis some of the principal objects : 
— “ We advanced with ease,” he states, “ through the windings of the cavern, which at 
times was so low as to oblige us to stoop, and at times so high that the roof was lost in the 
gloom. But eveiy where the most wonderful varieties of stalactites and crystals met our 
admiring view. At one time we saw the guides lighting up some distant gallery far 
above our heads, which had all the appearance of verandahs adorned with Gothic tracery. 
At another, we came into what seemed the long-drawn aisles of a Gothic catliedral, bril- 
liantly illuminated. The whimsical variety of forms surpasses all the powers of descrip- 
tion. Here was a butcher’s shop, which seemed to be hung with joints of meat ; and 
there, a throne with a magnificent canopy. There was the appearance of a statue with a 
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bearded head, so perfect that you could have thought it the work of a sculptor ; and, 
further on, toward the end of our walk, the figure of a warrior with a helmet and coat of 
mail, and liis arms crossed, of the illusion of which, with all my efforts, I could not 
possibly divest my mind. Two stalactites, descending close to each other, are called, in a 
German inscription over them, with sentimentality truly German, ‘ the union of two 
hearte.^ The resemblance is certainly very striking. After passing ^ The Hearts,’ we 
came to the ‘ Ball Boom.’ It is customary for the inhabitants of Adelsberg, and the sur- 
rounding country, to come on Whit-Monday to this grotto, which is brilliantly illumi- 
nated ; and the part called the ball room is actually employed for that purpose by the 
peasantiy. A gallery, very appositely formed by nature, serves the musicians for an 
orchestra ; and wooden chandeliers are suspended from the vaulted roof. It is impossible 
for me to describe minutely all the wonderful varieties ; the * Fountiuns’ seeming, as they 
fall, to be frosen into stone ; the * Graves,’ with weeping willows waving over them ; the 
* Pioture,* the * Cannon,’ the ^ Confessional,’ the ‘ Pulpit,’ the ‘ Sausage-maker’s Shop,’ 
and the * Prisons.’ I must not omit mentioning one part, which, though less grand than 
many others, is extremely curious. The stalcwtites have here formed themselves like 
folds of linen, and arc so tliin as to be transparent. Some are like shirt-ruffles, having a 
hem, and looking as if they were embroidered ; and there is one, called the * Curtain,’ 
which hangs exactly in natural folds like a white and pendent sheet. Every where you 
hear the dripping os of a continual shower, showing that the mighty work is still going 
on, though the several stages of its progress are imperceptible. Our attention was so 
excited, that we had walked two hours without feeling the least fatigue, or being sensible 
of the passage of time. We had gone beyond the point where most travellers had stopped, 
and IumI been rewarded for it by seeing stalactites of undimiuished whiteness, and crystals 
glittering, as the light shone upon them, like unnumbered diamonds.” 

Stalacticul depositions vary in colour according to the nature of the surrounding rocks, 
and Humboldt remarks in general that the formations occur more beautifully and 
completely in proportion as the caves are narrow and enclosed, since tlie deposition of 
crystals is less disturbed by the circulation of the surrounding air. On tliis account 
those of the wide o[»en cavern of Curipe, which he explored, were far inferior to the 
stalactites of Adelsberg. In our own country the spot most remarkable for these 
formations is the Blue John mine, another of the celebrated places of the Peak, near 
its grtiat cavern. This is a natural cavity, worked as a mine for the sake of obtaining 
the elegant fluor 8|mr which gives its name to the site, and which is here found in small 
detached pieces in the limestone rock. Rude steps, leading downwards about sixty 
yards, conduct to a series of caverns and passages encrusted with depositions of lime, 
which have ussumed a variety of interesting forms. In our illustrated instance, sta- 
lactites, of a delicate pearly yellow colour, of fine texture, and fantastically varied one 
from the other, have gn»wn downwards until they rested upon some shelf of a 
lower stratum, probably of earthy matter. Arriving at such a plane, the waters 
in future apnmd more widely around, forming a deposit, and connecting the former 
stems with an inferior tablet of similar conifiosition. The earthy or mineral stratum I 
having been by some chance removed, tJie fairy columns attached to their kindred 
floor now remain suspended in middle space. These are graphically termed the 
Organ.” It is much to be regretted that a Continental reproach against us, that of 
an Englishman’s eyes being in his fingers, here receives an illustration of its truth. 
Some unprincipled and vagabond sight-seers have wantonly mutilated this rarity, and 
deprived it of ito earlier proportions, for which cause the relics are now upbraidingly 
exhibited in a rude wooden cage. Here, as at Antiparos, the principal subterranean 
apartment is termed the “ Hall,” a wide and lofty cavity, such as imagination conceives 
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wouM be a fitting home for the romantic outlaws of Salvatoiv Rosa, or llie spurious 
banditti of our English Mortimer. In this spot, not a long time ago, a )>opular 



Organ, Blue John Cavern. 


nobleman, who prosecuted adventurous researches in the most dangerous recesses of 
the mine, feasted a multitude of his friends, and made the wet rock resound to the 
toasts and sentiments imported from a more fashionable atmosphere. In a certain 
direction from this grand focus the visiter is led to a narrower and niore irregular 
space, presenting a tow’ering cupola, the grandeur of whose shivered sides can only 
be exhibited by drawing upwards, with cord and pulley, a round of lighted candies 
supplied by the conductor : these illuminate 8ucce.S8ively the varied and peculiar stages 
of the internal surface. The perpetual waters which trickle down have left a residuum 
of lime, which has been moulded, by oc^eident, and by iiidustrious and gentle operation, 
into a thousand free trt'sses and w'aving bands. The whole is fashioned by Nature 
with less of the abrupt form wliich cliaracterisi's the congelation of fountain streams 
bj cold, and presents a grotesque enamed of exquisite polisli and gracefulness, giving 
to the artificial plain or coloured lights, uplifted within the coni<!al abyss, beautiful 
reflections from its unrivalled crystallised surfaces. Frequently, while atbrntion is 
riveted to the precinct of gloom and awful solitude, a chaunt of voices is heard from the 
summit of the dome^ accessible by hidden perforfiicrs from other avenues of the mine. 
The fleeting and distant expression of sound, with the mournful intervals of the strain, 
seems like a song of captive spirits, obedient to the rigid discipline of some invincible 
gnome. 

The temperature of caverns exhibits great diversities, dependent upon their extent and 
form, and that of the same cavern will greatly vary at difl«*rent fwjasons. In those which 
are dry and deep, covered with a thick stony roof, and withdrawn from the influence of 
the alteration of the external air, by having only a limited opening, the temperature can 
vary but little, and will continue through the whole year at nearly the same degree of 
warmth which is peculiar to their geographical situation. Before the warmer air of 
.summer has so penetrated the roof that the temperature of the cavern can be somewhat 
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niiied, die eooler air tlie antimui and of the winter b^;ins to penetrate ; but before 
lUi knf er teoB^eratiire can estaUish itself, it is again o?ertaken by the warmth of the fol- 
iMkif ifiriiigaiid^w Theeonseqiienoeof aU^isatemperatm sabjeet lo little 

the nmii tei^peni^of the suiroiuidiag atiiioi|p^^ The 
ancietit Bomanst hence, aooording to Seneca, wm aocnatomed tp ereol ^r country 
seata In the yicinity of these natural eapities whieh abound about the eafutalt for the 
purpose of etyoying their refreshing ehilliness in the aununer season. It was in one of 
these Toloanic caverns that Tiberius was nearfy destrogFed while at supper ; for, during 
the banquet, the roof suddenlj gave way, and buried several of Us attendants beneath 
its ruiDS, when Stjanus threw himself upon the emperor to preserve him from the falling 
stones. 

Many oavems, however, vary greatly in their temperature, and exhibit the appa- 
rently strange anomaly of being eold when the external air is warm, and warm when it 
is cold, in some instances cariying this contrast to the extreme, so as to be coated with 
ice amid the heat of summer, and affording a comfortable warmth amid the cold of winter. 
In the neighbourhood of Czilioas, a village of Hungaiy, there is a cave in the transition 
limestone of the Carpathians which displays this phenomenon. The country in the 
vicinity abounds with woods, and the air is sharp and cold. The entrance of the cavern, 
which fronts the north, is eighteen fathoms high, and eight broad ; consequently, wide 
enough to receive a large supply of external air, which here generally blows with great 
violence ; but the subterranean passages, which consist entirely of solid rock, winding 
round, stretch away farther to the north than has been yet discovered. In the midst of 
winter the air in this cavern is warm ; but in summer, when the heat of the sun without 
is scarcely supportable, the cold within is not only very piercing, but so intense that the 
roof is covered with icicles of great size, which, spreading into ramifications, form very 
grotesque figures. When the snow melts, in spring, the inside of the cave, where its 
surface roof is exposed to the sun, emits a pellucid water, which immediately congeals as 
it drops, and thus forms the above icicles, and the very water that drops from them on 
tlie sandy ground freezes in an instant. It is even observed that the greater the heat 
is without, the more intense is the cold within, so that in the dog days all parts of this 
cavern are covered with ice, which the inliabitants use for cooling their liquors. The 
quantity of ice is so great that a narrator estimates that it would require six hundred 
waggons to remove it in a week. In autumn, when the nights grow cold and the heat 
of the day begins to abate, the ice in the cavern begins to dissolve, so that by winter 
no more ice is seen. The cavern then becomes perfectly dry, and has a mild warmth. 
At that season it is the haunt of swarms of flies, gnats, bats, owls, and even of hare^ 
and foxes that restart Iiilher, as to their winter retreat, and remain till the return of 
spring. All instance almost as singular occurs at Besan9on, in a grotto which extends 
364 feet into the rock, the mouth of which, like that of Czilicze, is towards the nortli, 
j and covered with vegetation. During the whole summer this cavern contains masses of 
! ice, which melt away in October and November. 

j This apparently anomalous phenomenon is supposed to be capable of being explained 
■ by tlie relation whicli subsists lietwcen the moisture in these caverns and the external air. 

: When it is hot and dry outside, a^ in suinmer, cva^ioration takes place, and by this means a 
considerable degree of warmth is withdrawn from the enclosed air. the vapours making their 
escape through the openings, and through fissures in the roofs. The greater the exterior 
^perature the more vigorously the evaporation is carried on, producing a degree of cold 
in the interior which may sink beneath the freezing point, just as in the greatest heat we 
can most readily freeze water if we sunround it with ether. It is upon this principle 
that travellers, in some regions, are accustomed to cool their drinks, which they bury in 
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the eartb, and light ft qiii <^7 biasing fire over it, when fiie dedred coolness is produced; 
On the eontrarjt the more the wftnnth and drjness of the external air are 
as in winter, the less will be its eapabilitj to promote evaporation in the cavern, 
warmth contained In tiie air will no longer be absorbed, and the ice which has been 
prodnced most melt^ The cooling in these eavems, however, so as to sink below the 
freesing point, can oalj occnr where there is a certain relation, which but rarelj sobsista, 
between the openings and file evaporafiiig surface of the interior. If the opening is too 
large, too much warm air is introduced, and the temperature of the interior is thereby 
much more increased than it can be diminished by evaporation. If it is too small, the 
vapours cannot withdraw themselves fast enough, and the evaporation is lessened, because 
the surrounding air is saturated with moisture. The ice-caverns, therefore, are com* 
paratively rare ; but, in addition to those named, there is a cave at Vesoul, in France, 
where a stream flowing through it is frozen over in summer, and clear of ice in winter. 
Mr. Murchison, in the course of some recent geological surveys in Russia, met with a 
freezing cavern near the imperial salt-works at Iletski, to the south of the Ural 
mountains, situated at the southern base of a hillock of gypsum, one of a series of 
natural hollows used by the peasantry for cellars or stores. The cave in question is 
however the only one in the district which possesses the singular property of being 
partially filled with ice in summer, and of being destitute of it in winter. ** Standing on 
the heated ground and under a broiling sun, 1 shall never forget,** he remarks, ** my 
astonishment when the woman to whom the cavern belonged unloi^ked a frail door, and a 
volume of air so piercingly keen struck the legs and feet, that we were glad to rush into 
a cold bath in front of us to equalise the ettect.** Three or four feet within the door, and 
on a level with the village street, lieer and quash w(*re half frozen. A little further the 
narrow chasm opened into a vault fifteen feet high, ten paces long, and from seven to 
eight feet wide, which seemed to send off irregular fissures into the body of the hillock. 
The whole of the roof and sides were hung with solid undripping icicles, and the floor 
was covered with hard snow, ice, or frozen earth. During the winter all these 
phenomena disappear ; and when the external air is very cold, and all the country is 
frozen up, the temperature of the cave is such, that the Russians state they could sleep 
in it without their sheep -skins. 

There is another circumstance of high interest disclosed by the interior of many 
caverns, the occurrence of extinct animals of the ancient earth ; on which account these 
receptacles have obtained the name of zoolithes or bone caverns. This phenomenon 
prevails in almost every country of Europe, and also of America, and has obtained of 
late years, particularly by the investigations of Dr. Buckland, who has made it the 
subject of his peculiar study, a high degree of importance, on account of the light which 
it throws upon the ancient condition of the earth, and the changes which the surface has 
undergone. His researches into the condition of a cave discovered in 1821 at Kirkdale 
in Yorkshire are highly valuable, and deserve a notice here. Its mouth had long been 
choked up with rubbish, and overgrown with grass and bushes, but was accidentally 
found by some workmen. The cave is situated on the older portion of the oolite forma- 
tion (in the coral rag and Oxford clay) on the declivity of a valley. It extends as an 
irregular narrow passage 250 feet into the hill. There are a few expansions, but scarcely 
high enough to allow a man to stand upright. The sides and floor were found covered 
with a deposit of stalagmite, beneath which there was a bed of from two to three feet of 
fine sandy and micaceous loam, the lower portion of which in particular contained an 
innumerable quantity of bones, with which the floor was completely strewn. The 
greatest part of them were very well preserved, and still retained a gr^t portion of their 
natural gluten, in consequence of the peculiar nature of their investiture. The animals 
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to which* ^ey belonged were the hyaena, bear, tiger* htod’.liOn, elephant, rhinoceros, 
hippopotamus, horse, ox, deer of three species, water-rat, and mouse, belonging wholly to 
extinct apedes, and the ^ 

same wUh those with ^ y . .. 

whMiweare acquainted 4 , ^ 

k ihe steppes of Asia. i 

The most jdentifid of -n ‘ \ 

aU weie the remidhs of .4 

the hy«tia,aDd.lkinihe | 

amount which he -saw, r 

Bockland estimated the ^ 

number of the individ- ? 

uals interred here to be 

between two and three . 

hundred. The animal ' - 

must have been one hiilf 4*^^ j 

larger than the living f- 
species, in its structure 

resembling the liymna of v ^ ' 

the Cape. The bears, ^ 

which were less abun- ^ ^ 

Kirkdulu Cave. 

dant, belonged to the 

large cavern species, which, according to Cuvier, was of the size of a large white horse 
and about eighteen feet in length. The elephants were the Siberian mammoth. Of 
the stags the largest was of the size of the moose deer. Of the ox two species were 
distinguished, and its bones were most frequent next to those of the hyoena. All these 
bones lay irregularly strewed one with another, but those of the largest animals were 
in the most remote and narrowest corners, into wliich they never could have pene- 
trated while living. The teeth, and tlie hard innrrowless bones of the extremities, as 
well 08 those of the fore and hind feet, were uninjured : these were so numerous 
that they must have belonged to a much greater number of individuals than could be 
qatinniied as belonging to tite oilier bones. Many of tlie bones bore marks which 
exactly corresponded with the form of the incisor teeth of the hya3nn, and the broken 
horns of the stag were evidently marked by gnawing. These facts warranted the con- 
clusion, that the hyamas must have lived for a long time in this cave, and have dragged 
the bones of the larger animals, particularly the oxen, into this den, as their prey. The 
supposition was confirmed in the most striking manner by a variety of other facts. 
Dr. Buckland found that bones which he caused to be gnawed by living hytenas liad 
exactly the same appearance as those found in the cavern, and the teeth and harder bones 
were thrown aside by them. He even found in great abundance excrements of the 
hyasna, which offered the closest resemblance to those of the living animal. From 
the facts described, it appears that the Kirkdale cave was for a long series of years a den 
inhabited by hywuas, who drugged into its recesses the other animal bodies whose remains 
are there commingled with their <iwn, — some great catastrophe causing an inundation in 
this region which destroyed the whole race. 

Similar loolithic caverns occur in the following places in our own country : — 1. Kent’s 
Cavern, in tlie limestone of North Devon, about a mile from Torquay. It is said to be 
nearly aix hundred feet long, varying in width from two to seventy feet, and in height 
fMn one to six yards. The bones of extinct species of animals are found buried in a 
mass of mud, covered over with a crust of stalagmitic formation. From certain appear- 
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uiccs in this cavern, it seems to have In^en in former times the habitation of man, per- 
haps the bandit’s home. 2. Cave near the village of Hutton in the Mendip Hills. This 
^ is a series of cavernous 

chambers found by the la- 
f “ ^ bourers in working forochre, 

V ^ ^ which oCcnrS In fissures of 

■ ' tlie mourndh llrinesimie. In 

-3? twenty fetet squiure Md four 

^ ^ stalactite de- 

^ > pends from the roof in the 

I ^ ") centre, and beneath a stalag- 

i ^ the ’ floor, 
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Kent’it Cav«*, nrnr Torquay. 


yr<- v III j I Sa touching it. Tlie 

^ t|) I ! It' I ^ bones from this cavern are 

ly^i l I tv. those of the elephant, horse, 

^ ^^^^ ox, deer, bear, and iiog. 3. 

Cave at Balleye, near Wirks- 
^ ^ worth. Bones and molar 

elephant were 

^ 15^ discovered here in a cavity 

Keni’.» cavo, mar Torquay. „f fnountain limcstone ’ by 

the lead miners, mentioned in the following r(‘eord of a workman : — “ In sinking for 
lead at Baulee, within two miles of Wirksworth, A. i>. 1G(>3, they came to an of)en place 
ns large us a church, arul found a 8 k<detofi reclining against the side, so large that his 
brain-i)an would have held two strike of corn, and so big that they could not get it 
up without breaking it. My grandfather having a share in the said mine, they sent 
him a t(K)th, weighing four pounds three ounces. --George Mower.” Some of these 
remains are still preserved. 4. Dream ('ave, hear Wirksworth. This was likewise dis- 
covered by the miners in pursuing a vein of lead. After sinking about sixty feet 
through solid mountain limestone, they came to a large cavern filled with argillaceous 
earth and stony fragments. Hen? w(T<? found the remains of a rhinoceros, in a high 
state of pre.servation. They belonged aippareiitly to tlie same individual, and formed 
probably an entire .skeleton, though several parts were wanting, linving been separated 
from th(! rest through the subsidence of the iiia.ss in which they were imbedded into an 
underlying hollow, owing to the workmen disturbing the site. Bones of deer and frag- 
ments of horns were found in the same .spot, all ot w'hich arc now deposited in the Oxford 
Museum. 5. Cave on Derdhain Down, in*ar (’lifton ; a fissure which contained frag- 
ments of stone and stalagmite, with bones incrusted with stalactitic matter, among which 
w'as a fossil joint of the horse. G. (’nves at Oiv.ston, near Plymouth. .Several caverns 
were di.seovered in removing materials fi»r the construction of the Breakwater from a hill 
of transition limestone. Tlu'y eontaineil horn*.s belonjjfing to a species of rhinoceros, the 
tiger, hyama, horse, ox, wolf, and deer. 7. Cave of Crawley HcKjks, near Swansfskl 1 his 
cavity was accidentally intersected in working a (juarry. It has now been entit'ely cut 
away. Various parts of the elephant, rhinocero.s, hyauia, ox, and stag were fotind in it. 
8 . Caves of Paviland. Two cavities (KM*ur in a lofty eliff of lim«*stone facing tha iea 
on the coast of Glamorganshire, which the waves reach in considerable stoltnf. THc 
remains of an immense number of animals of extinct species have lieen found in tliem. 

It is clear from these facts, that anciently, as Dr. Buck land n 5 mark 8 , ** extinct species 
df hyajna, tiger, bear, elephant, rhinoceros, and hipfiopotainus, no less than the wolves, 
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foxes, horses, oxen, deer, and other animals which are not distinguishable from existing 
species, had established themselves from one extremity of England to the other — from 
the caves of Yorkshire to those of Plymouth and Glamorganshire — whilst the diluvial 
gravel beds of Warwickshire, Oxford, and London, show that they were not wanting also 
in the more central parts of the country ; and M. Cuvier has established, on evidence of 
a similar nature, the probability of their having been spread in equal abundance over the 
continent of Europe. But it by no means follows, from the certainty of the bones having 
been dragged by beasts of prey into the small cavern at Kirkdale, that those of similar 
animals must have been introduced in all other cases in the same manner ; for, as all 
these animals were the antediluvian inhabitants of the countries in which the caves occur, 
it is possible that some may have retired into them to die ; others have fallen into the 
fissures by accident, and there perished ; and others have been washed in by the diluvial 
waters. By some one or more of these latter hypotheses^ we may eitplain those cases in 
which the l^nes are few in number and not gnawed^ the eavems large, and the fissures 
extending upwards to the surface ; but where they bear marks of having been lacerated 
by beasts of prey, and where the cavern is small, and the number of bones and teeth so 
great and so disproportionate to each other as in the cave at Kirkdale, the onfy adequate 
explanation is, that th^ were collected by the agency of wild beasts.* In Qermany the 
sodithio caverns are much more numerous and important than in England* There is a 
remarkable example on the north-east border of the Hartz Mountains, caUed Bauman’s 
Hdhle, after an unfortunate miner who, in the year 1670, ventured into it alone in search 
of ore ( and, after having wandered three days and nights in its solitude and darkness, at 
length found his way out, but in such a state of exhaustion that he died almost immediately. 
It is a suite of natural chambers in a bed of transition limestone, the fioor of which is 
composed of a thick crust of stalagmite, beneath which lies an accumulation of several 
feet of mud mixed with bones and pebbles. But the caves of Franconia are by far the 
richest and most beautiful of this class. They lie on the north-east extremity of the 
chain of the Jura between Nuremburg and Baireuth, in the valley of the Wiesent, a 
tributary stream of the valley of the Maine. The most important is the Cave of Gailen- 
rcuth, situated in a perpendicular rock, its mouth being upwards of three hundred feet 

alK)ve the bed of the river, consisting of 
an aperture seven feet high and twelve 
broad. An open fissure in the rock ex- 
tends from the cave to the table-land 
above, as shown in the illustration. The 
fioor consists of stalagmite lying over a 
bed of slime which contains the animal 
remains. The cave has two chief cham- 
bers, the roof of which is abundantly 
hung with stalactites. From the first to 
the second chamber the visitor descends 
by a ladder, os represented in the section, 
which exhibits the breccia of bones, 
jKjbbles, and loam, and the artificial ex- 
tension of the cavern by the removal of it 
Almost all tlie bones belong to the bear of the caverns, and are admirably preserved. 
Those of a species of cat, resembling the American jaguar, have also been discovered, and 
those of the hyena ; but the latter are of rare occurrence. In conformity with the habits 
of the bear, the remains of prey, dragged in, are almost entirely wanting. There are two 
neighbouring caverns of the same class; those of Zulinloch (teeth-hole) and Kiihloch. 
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The latter is supposed to contain animal matter equal to at least 2500 individuals of the 
cavern bear ; and allowing an annual mortality of 2^, it follows that here we have the 
history of a thousand years ; for probably these animals retired to the solitude of this 
spot upon the approach of death, as is the well-known 
custom of many creatures. The bone caverns in our own 
country and the continent decisively prove that, pre* 
vious to a great inundation in 
by-gone time, animals inhn- 



bited these districts, known not 
to have lived there, 
from the earliest 











Section of Gallenreuth Cave. 


ihJ . records of human 

history — the rUnoooros, 
elephant, and hyma, now, and for 
ages past, exeliiidv^ oondned to 
mors soutWn latitndsSa 
There is another dass of oairoini 
remarkable for the d6veio|Mnetii of 
irrespirable gas, which oftim renders 
the access to them dangerous. They 
are of two kinds ; those in which the 
gas is produced by the surrounding 
rocks, and those in which it pro* 
ceeds from the interior of the earth. The first class are principally caves of gypsum. The 
gypsum Is not, however, the cause of the phenomenon, the component parts of which are 
not susceptible of any decomposition from the air. There is commonly foetid limestone 
intimately mixed up with it, which forms connected wavy stripes, and even single beds of 
considerable thickness. This earthy limestone, which is penetrated with bitumen, and 
often very clayey in its composition, has the property of giving out all its carburetted 
hydrogen in the air ; and in every case where caves exist in it, its presence, on account of 
its connection with gas, is offensive and much dreaded. In the limestone caves of the 
sandstone formations, on the contrary, there commonly prevails a very pure air, possibly 
because they are filled with mouldering animal remains. The development of irrespirable 
gases from the interior of the earth, which, penetrating through fissures, collect in caves, 
is a constant result of volcanic activity. The chemical processes continually going on in 
volcanic regions must produce the liberation of great quantities of gas, which are con- 
nected with the world above by these chimneys of the perpetual forge. Caverns of this 
nature occur therefore only in the neigh bourluKKl of volcanoes, or at points where volcanic 
processes may be supjwsed to be going on l)eneath. The gases so developed are almost 
entirely the carbonic and sulphuric acids. Among the most important of the grottos 
which give out carbonic acid, there is the Grotto del Cane at Naples, in the neigh- 
bourhood of the Logo d’Agnano, near Fozzuoli. It was known to the ancients, and is 
mentioned by Pliny, who refers to it as one of a class of excavations called, in his 
time, “ Charon’s ditches.” Its size is very unimportant ; ten feet deep, four feet broad, 
and nine feet high. The carbonic acid collects itself on the soil in a bed of about six 
inches deep ; and, on account of its specific gravity, does not mingle with the atmo- 
spheric air. Its actual height may be clearly ascertained by lighting some candles, 
which, when they reach its surface, are extinguished at once. Small animals falling 
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b^’way of experiment The cave and it* neighbourhood appear Uy have undergone* 
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some considerable cbaiifjes; for, from Pliny’s reference to the mephitic gas, it would 
HiM'm to have been fatal to human life, which is not possible now, owing to the small 
height of the stratum, unless an individual threw himself upon the surface of the 
floor. A<a'-ording to some amMont accounts, bubbles were constant upon the lake Agnano 
close by, (KHuisioned by the escape of gas, (»f which there is no appearance now ; so that 
the quantity of deadly air exhaled luis been imieh reduced, if dependence may be placed 
upon these iiuthoriticvS. A similar instaiuas on a much larger scale, is seen in the crater 
of the extinct volcano of St. Lcger, or of Ncyruc in the south of France, on the banks of 
the Ardecli(% amid the gn;at number of volcanic remains of that region. This crater 
exhibits a cultivated, and in part inliabit(‘d, district, which is surrounded like an amphi« 
theatre by the ancient walls of volcanic tivhris. Its soil is one vast sieve for the ascent 
of curbouie acid. Perforations luive been inudc in it to facilitate the emission of the gas, 
and guide it from the fields, to which its contact is very injurious. The height of the 
btnl of gas, over the ground of tlicsc holes, lias been found to be, in the most favourable 
eircu in stances, about one foot and a half. Changes of weather have the most important 
influence on it ; and in violent rains the whole iiuuss of gas is absorbed. The quantity of 
this g^, which issues from the soil of the whole neighbourhood, has a very striking 
influence on the healtli of the inhabitants who work in these fields; and if the proprietors 
do not yearly clear out these perforations, their harvest is lost by means of the poisonous 
vapours. Another example (M*curs iu*ar Pyrmont, wdiere there is a cavern of mephitic 
gas, named Diinsthohle, which t'xhihits the same phenomena as the dog grotto near 
Naples; and of a kindred kind is the extraordinary valley in the island of Java, called 
by the natives Guw'o-upas, poisoned valley, which is without vegetation, and strewed 
with the skeletons of human beings, tpindrupiMls, and birds, being generally half-filled 
with a noxious gas whieh dtvstroys life in a few minutes. 

In addition to the cavities which are the handiwork of nature, immense subterranean 
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sptees have been exetvated by the labour of man, chiefly in the limestone, coal, and sal^ 
formations, to obtain the products which are essential to the arts of life. At certain 
points and limits of the South Staffordshire ** Coal Basin,** the limestone stratification is 
abruptly exalted from its normal position, which is several hundred feet below the regular 
surface, and forms a striking object in scenery, and a picturesque mountain boundary, to 
the district of towns, hamlets, and villages, in which the usual mining operations for coal 
and iron stone are pursued. It is worked to procure a valuable flux for the iron furnaces 
—cement for building — and a manure for agricultural purposes. Dudley Castle Hill is 
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a bold and rugged prominence, where the rjuarries were priinai ily worked. The excava- 
tions at first were open to tiie light, comineiieiiig from the protruding ridges and pt^Jiks, 
and forming in time u deep liollow or ravine, (’leariiig the rock us fur as was <ronvenicnt, 
the rapid inclination of the stratum was followed, and the work was then continued at a 
much lower level, in the form of gloomy tuiimds, ul'terwards tlireaded by dark and dan- 
gerous canals, iiecjessary for tlic tronveyamv of tlic product of the perforati'd region. At 
the lower part of the castle grounds, and not fur distant from the Eastern l^slge, is the 
d<^scent to one of the great caverns, answering to our illtjstraticm. By a lew imeiTtRin 
slipfwjry steps the visitor arrives at the moist crumbled floor of a wondrous avenue of 
rock works. Indistinctly, and at an inferior plane, glimmer tlic dull waters of the canal, 
the line of which is only broken in part by a covered way, to re-H|»pear in the onward 
distance of the hazy mine. As the strata an? sotrH?tinies at an angle of (?ighty ilegrees, some- 
times less, the enormous broad-footed pillars of material left to support the irregular roof, 
answer to such inedination, and are perpendicular to it, pn senting a w’ild and singular 
appeanmee. The force and sublimity of this scenery by torchlight are most interesting, 
and the frowning lioundaries of the spacifms crypts, the pillars, and the rude chambers, 
remind one distinctly of the mazes of tlie Menipliic tombs. Proceeding to the left, 
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•ad near to tfae pondj of the cavern delineated, as also in progress towards tfat other 
•atremity, yawning apertures aloft and laterally communicate with the celebrated ravine 
in the castle bounds, and receive a blue misty light into the gigantic casemate which 
illuminates the glistening and sparry walls, displaying the white frosted vapour upon 
the lips of the attendants and their guide. In sultry weather much danger is incurred 
by entering the caverns insufliciently protected from an altered temperature. 

The demand for the mitieralHreasures of the earth, and especially its coal, created by 
the advance of civiliKation, has caused -the undermining of its Bui*faee upon an extra- 
ordinary wiale in modern times, though some of our own mines date their origin from the 
era of the ancient Britons. This is the case, as the name imports, with Odin’s mine, at 
the southern fiHit of Hlam Tor in IX^rhyshire, a place deserving a visit. A shaft, nearly 
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I II mile in loiigili, loads fo tla* vein of ore that is now worked, which varies in thickness 
Iroiii two or three iiielies to as many feet. Beautiful ervslaUisalions of blende, barytes, 
calcareous spar, and selenite mv found in this extensive exeavalion, as well ns the curious 
and dangt 1 ous niitiei al called slikensides. 1 he effects ot this extraordinary mineral,’^ 
says Mr. Kliodes, “ are not less sinjiiihir than terrific. A blow with u hammer, a stroke 
or a seruteli with a luiiier's i)iek, are sufficient to rend those rocks asunder with which 
it is united or finhiMlied. 'fhe stroke is immediately succeeded by a crackling noise, 
which is sometimes in*eompaiiie<l with a sound not iinliki* the mingled hum of a swarm 
of Imm's \ shortly afterwards an explosion follows, so h»ud and appalling timt even the 
miners, tlioiigh a hardy race ot men ami little ueeiistomed to fear, turn pale and tremble 
at shock, lliis ilangerous ooinhination of matter must <'onse(|nently he approached 
with caution. To avoid the use of the common implements of mining, a small hole is 
carefully bored, into which a little gunpowder is put and explo.led with a match, which 
gives tile workmen time to withdraw to a place of safety, there to await the result of 
their operations. Sometimes not less than five or six successive explosions ensue at 
intervals of from tw^o to lt*n or fifteen minutes; and oeeasionally they are so sublimcdy 
awful that the earth has fuvii violently shaken to the surface by the concussion, even 
ulieti the discharge has taken place at the depth of more than one hundred fathoms.” 




BFBINQ8. 


m 



CHAPTER V. 

SPRINGS. 

ATKR, essential to the existence of man and 
the fertility of the soil, occurs Jn each of 
the physical conditions which bodies are 
L capable of assuming — the gaseous, solid, 
and liquid states. In the form of vapour, 
sustained in the atmosphere, it will be treated of in 
another section. In the solid condition, one of its 
aspects has been previously referred to — that of the 
glaciers of high mountain regions ; and in the lowland 
districts of the temperate aones, water annually as- 
sumes a solid form, a iniuitle of snow lying u|ion the 
ground in winter, and a coating of ice upon the pools 
and rivers. Ufion high elevations, also, even within 
the tropics, these phenomena arc; perpetual ; and, iqmn the level surface of circumpolar 
countries, snow and ice are (‘unstant features of the Ituuiscajm. In a liquid state, the 
continental waters have the eliaraeter of sjmiiigs, rivers, or lakes, which vary greatly 
j in their external ap[>eanince, and in the ehetiiical eoinpoHition of the fluid. The (»ceanic 
I waters likewise display thc.'^c eliaracters ; for we may regard th(^ hroad expanse of dif- 
! ferent seas as vast lakes, whih* the. nunieroii.s strong, and perinantml currents that 
j occur are the rivers of the deep ; and in various places it is certain that jets of fresh-water 
i rise from the bottom of the ocean, whicli materially lesstui its saltness in tlafir neighhour- 
I hood. In the Gulf of Spezzia, a branch of the (Julf of (ienoa — one ifi' the (inest har- 
j hours in the world, and of exquisite beauty — tlua'c is a powerful jet ol‘ fresh water rising 
I in a liquid column from the bed of the sea ; and on the south coast of Cuba, at a coiisider- 
I able distance from the shore, there are fresli water jc'ts of such force, that boats cannot 
approach them without hazard. The general division of the waters tif the globe is into 
salt, mineral, and fresh water. The ocean is the granil exjiniple of tlie former; but there 
are many continental specimens of saline springs and lakes, wideh proceed from combina- 
tion with rock-salt or sulpliatc of magiK'siu. The mineral waters arise from sulphur, 
arseniates, or other metallic suhstunces, derived from the circumjacent (•iirth, held in solu- 
tion. For the most part, however, the eontinental waters are fresh, or somewfmt similar 
to distilled water, whether resulting from rain, or the melting of .snow and ice, and con- 
stituting either springs, rivers, or lakes. 

Springs, whether gushing rapidly from rocky chTts, or g(‘ntly oozing out of bunks of 
eartli, are interesting objects in the. land.seape, from the geiniral })nrity i f their waters, 
the frequent seclusion of their situations, their mitrniiiririg flow', and the gre<*n eiinincl of 
mosses and flowering plants to which the refre.shing virtu('s of th<*ir streams give birth. 
There are not a few sj)rings wdKj.se history may be traced hack thousands of years, and 
which have acquired celebrity from tludr us,soeiati(»n w'ith events and personages of a far 
remote antiquity. Who has not heard of the fountain of Arethu.sa, with its dark water, 
to which the hero of the Odyssey w'as directed by the gmldess, upon returning to his 
native Ithaca? 

“ Go, first the inaKtcr of thy herds to find. 

At the Curaeinn rock. 

Where Arethiisa’s sable water glides." 
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This foun- 
tain is about 
six miles in 
the interior 
of the island, 
the road as- 
cending all 
the way. It 
is a small 
basin at the 
top of a ra- 
vine, and is 
supplied by 
unceasing 
{HTcolutions 
through the 
su|H;rineum- 
b<mt r(K;k. 

Seated on a 
broken arch 
before it, the 
sides of the 
glen appi^ar 
clothed with 

hjafy plants and odoriferous shrubs; and onwards I* 
through it a glimpse of tlu^ blue sea is caught, while the 
suniiiiit of the clitT above the ibuntuin coininaiids a view 
of the islands and mountains td’ Greece, Hither, it may 
be soberly believed, the author (if the Odyssey, if not 
the hero, was a pilgrim, near three thousand years ago, 
and drank of the limpid spring at which now tlie goat- r 
herds of Ithaca (|ueiieh (heir tliirst. Dodwell, wdio visited 
this s|>ot, deserilH-s its water as “clear and gtsKl, trickling gently 
from a small cave in the nH*k, whicdi is covered with a simuith 
and downy moss. It has foPFued a |w»ol four feet deep, ugjiinst 
which a mtalerii wall is built to check its overflowing. After 
ooaing through an oritiee in the wall, it fulls into a wtsalen 
titiugh place<l there for rattle. In the winter it overflows, nn<l 
finds its way, in a thin stieain, through the glen to the sea. 

The French had |K)ssessioii of Ithuea in 175)8, and the ns’ks of 
the Aft^thusan fountain are covei’ed with republican inscrip- 
tions, ‘Vive la Repnblhjue !’ ‘ Libert e, egalite, et fraternitiV 
are seen scattered on all sides, but an? betHMiiing etfaecd.” 
of the fountain of Castalia, in which the lX*lphian Pythoness laved her limbs, and 
from which she, and the fHH*ts who versified lier answers, were believed in part to 
derive tbeir inspiration ? The poetical expression, the “ dew of Castalie,” refers to the 
spray of a cascade which descentls through a cleft of Parnassus, fed by the snow^s upon its 
summit ; but the fount of inspiration, the bath used by the Pythia, is supposed to be a 
small shallow basin on the margin of the rill of the cascade, supplied with its ow n peren- 
nial stream, which unites its superabundant water with that of the adjacent stream. Here 
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a striking change has taken place within the period of auUientic history. Where are the 
j rich tributes of the Lydian king ? the spoils of Marathon and Salamis ? the sacred hall of 
' the Amphictyonic council? the temple of Apollo? the city of Delphi, whose buildings 
i are mentioned, in the records of its former magnificence, as covering two miles of ground ? 
There is not a vestige to be identified ; but Parnassus still exhibits its bold heights and 
transparent waters, unaffected by the passage of ages. 

** The shrine hath sunk I but thou, unchangM, art there ! 

Mount of the voice and vision, rol>’d with dreams ! 

Ihichang’d, and rushing; throuj;h tlie radiant air, 

With thy dark waving pines, and flashing streams. 

And all thy founts of song ! Tlieir bright ctmrse teiMns 
WMth inspinUion yet ; and each dim haze, 

Or golden cloud, which floats around thee, si^einH 
As with its mantle veiling from our gaze 
The mysteries of the past, the go<ls of elder days ! ” 

The Custnlian spring is now dedicated to St. John ; a pretty chapid bearing his name is by 
its side ; pendent ivy, moss, brambh^s, flowt^ring slinibs, and a large llg-troe, throw a cool 
and refreshing gloom ov<‘r the sjMJt. Upon a buttress of the cbu|)el, the inscription 
ocemrs, llyron, ISfXi,” Hut the p(H‘t bus left another memorial of his visit. 

** Happier in this than mightiest bards have been, 

Wh<»se fate to distant homes confin'd their lot, 

Shall I uninov’d Iwhold the hallow'd scene. 

Which others rave of, though they know it not? 

Though here no more Apollo haunts his grot, 

And thou, the Muses' seat, and now their grave, 

Some gentle spirit still pervades the spot. 

Sighs in the gnle, keeps silence in the cave. 

And gliiles with glassy f<M»t o’er yon melodious wave.” 

Dr. Chandler speaks of the excessive coldness of the water of Cnstaly. “ I began,” he 
states, “ to wash my hands in it, but was instantly ehilled, and seized with a tremor, 
which renderetl me uiiuhle to stand or walk without Hup|>ort. This incident, when 
Apollo was dre»d(Ml, might havt^ lMM*n embellished with a superstitious interpretation. 
Perhaps the Pythia, who bathed in this iey fluid, mistook her shivering for the god.” 

It is in the sandy disserts bordering on the tropics that springs acquire their highest 
importance and vahn;, owing to the rarity of water, and the increased demand made fur 
it by the heat of the climate. Here they are frequently eonnet;ted with verdant spots, 
similar to that of the inter\ ii^w between the Sixittish Knight and tlie Kmir in the brilliant 
tale of the ** Talisman.” “It was a w<me,” says Sixitt, “ which, jierhapH, would elsewhere 
have d(‘served little notice ; but as the single speck, in a boundless horizon, which pro- 
mised the refreshment of shade and living water, — these blessings, held cheap where they 
are common, rendtjred the fountain and its neighbourhood a little paradise. Some 
generous or charitable liund, ere yet the evil days of Pahistiiie b<*gan, hud walled in and 
arche<i over the fountain, to preserve it from iMung ahsorlxxl in the earth, or choked by 
the flitting clouds of dust with which the least breath of wind covered the desert. The 
arch was now broken, and partly ruinous ; but it still so far proj(;cted over, and covered 
in the fountain, that it exelinled the sun in a great measure from its waters, which, 
liardly touched by a straggling beam, while all around was blazing, lay in a stesady repose, 
alike delightful to the eye and the imagination. SU'ialiiig from under the arch, they were 
first received into a marble basin, much defocuxl indeed, but still cheering the eye, by 
showing that the place was anciently considered as a station, tliat the hand of man had 
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been there, and that man’s accommodation had been in some measure attended to. The 
thirsty and weary traveller was reminded by these signs that others had suffered similar 
difficulties, reposed in the same spot, and, doubtless, found their way in safety to a more 
fertile country. Again ; the scarcely visible current which escaped from the basin, served 
to nourish the few trees which surrounded the fountain ; and where it sunk into the 
ground and disappeared, its refreshing presence was acknowledged by a carpet of velvet 
verdure.” Some of the wells that occur in the wilderness of Arabia were halting-places 
to tlie descendants of Jacob in their migration through it, and appear under the same 
character now as then, shaded by a few palms, often supplying brackish and bitter water, 
capable of being sweetened by artificial means, and claimed as valuable property by the 
parties having territorial right to the soil. “ And when they came to Marah, they could 
not drink of the waters, for they were bitter;” but the juices of a plant thrown into 
them, rendered them palatable. There is every reason to suppose this spot to be the 
fountain Hawarah, a basin of unpleasant, saltish, and somewhat bitter water, near which 
Dr. Robinson found many bushes of the shrub Ghilrkfid in blossom, — a low thorny plant 
producing a red berry, which ripens in June, which is juicy and slightly acidulous, capable 
of correcting the bad qualities of the spring by mingling with it. “ And they came to 
Elim, where were twelve wells of water, and threescore and ten palm trees.” This is 
identified upon good grounds with Wady Gharandel, a valley about seven miles from the 
former station, a mile in breadth, with date trees, tamarisks, acacias of different species, 
and a copious fountain producing a small rivulet. The non-existence at present of twelve 
I wells is no evidence, as Burckhardt remarks, against the conjecture, for water here is 
readily found by digging for it, and wells are frequently formed which the drifting sands 
fill up. Drawing water has ordinarily been the employment of females throughout the 
East, without distinction of rank, from a remote antiquity, — an onerous duty, as the 
1 wells arc often at considerable distances from their habitations. “ The daughters of the 
1 men of the city came out to draw water,” is a remark which refers to a period separated 
1 by two thousand years from the time of a similar record, “ there cometh a woman of 
1 Samaria to draw water.” Equally ancient and general is the oriental practice of making 
j the neighbourhood of a spring the scene of occasional festivity and mirth, a usage which 
was primarily a tri\)ute of gratitude for its waters. “ When 1 was at Ain, in Palestine,” 
says Maritis, “ a young Arab woman, nt w’hose wedding I had been present on the first 
day (»1 our arrival nt the village, came hither to draw w'ater. She was accompanied by 
some other w'oincn wdio W(Tc singing a song allusive to her marriage.” We have a song 
of the Israelites, of the recitative kind, commemorating a sj)ring, encountered soon after 
iheir emergence from the dry and thirsty de.st*rt. 

“ .Spring up. O well I Answer ye to it !” 

One party sung these words, and called upon another band to reply ; and they rt'plied 

” llu* wi'll ! — 'Fhe princes M>archcd it out.” 

And the chorus wu.s, — 

“ 'Hie nobles of the people have digged it, 

lly decree ; upon their own borders.” j 

Dr. Clarke informs ua that the Klciisinian women practised a dance about a well, that 
was called Callichorus ; the dance was also accompanied by songs in honour of Ceres ; ■ 
and these songs of the well are still sung in parts of Greece and Syria. There is a • 
similar practice in our own country, which will be adverted to upon a subsequent page. ! 

The origin of springs, a subject invested with considerable ol»scurity, has been referred • 
I to the rains and melted snow which the earth absorbs ; to the subterranean combination • 
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of the oxygen and hydrogen gases, which decomi)Ose each other, and produce water ; and 
to the filtering of water from the sea into internal cavities and reservoirs prepared by 
nature, from whence they make their way to the surface. Some writers contend for the 
former cause exclusively. Marriotte has examined the point, whether the quantity of 
rain water is sufficient to feed all the springs and rivers, and so far from finding a defi- 
ciency, he concludes upon the amount being so great as to render it difficult to conceive 
how it is expended. According to experiments which have been made, there falls 
annually upon the surface of the earth about 19 inches of w'uter, but to render his 
calculation still more convincing, Marriotte supposes only 15, wdiich makes 45 cubic feet 
per square toise, and 238,050,000 cubic feet per square league of 2300 toises in each 
direction. Now the rivers and springs which feed the Seine, before it arrives at the 
Pont-Royal at Paris, conqu'ehend an extent of t(;rritory, about GO leagues in length, and 
50 in breadth, which makes 3000 leagues of superficial area; by whi(?h, if 238,050,000 
be multiplied, we have for the product 714,150,000,000, for the cubic, feet of water 
which falls, at the lowest estimate, on the above extent of territory. Let us now exajnine 
the quantity of water annually furnished by the Seine. The river, above the Pont-lloyal, 
when at its mean height, is 400 feet broad, and 5 deep. When the river is in this state, 
the velocity of the water is estimated at 100 feet p(*r minute, taking a mean between the 
velocity at the surface, and that at the bottom. If the product i>f 400 f(a‘t in breadth, 
by 5 in depth, or 2(K)0 square feet, be multiplied by 100 le(‘t, we shall liave 2tK),000 cubic 
feet for tlie quantity of water which passes in a minute tlirough that section of the 
Seine above the Pont-Royal. 'fhe quantity in an hour will he 1 2,(X)0,0(K) ; in a day 
288,000,000; and in a year 105,120,0(K),000 cubic fe(‘t. This is not the swentli part of 
the water which, as previously stated, falls on the extent of country that supplies the 
Seine, the large remainder, not received by the river, being tak(‘ii up by evaporation, 
besides a prodigious quantity employed for the nutrition of plants. A f urther calculation 
has been made by the same writer, of the water wliich ought to be furnished naturally 
by a spring that issues a little below the summit of Montmartre, and which is fed by an 
extent of ground 300 toises in length, and 1(X) in breadth ; making a surface of 30,0(X) 
square toises. At the rate of 18 inches for the annual quantity of rain, theie will fall on 
that extent an amount equal to 1,620,000 cubic feet. A considerable part of this water, 
perhaps three-fourths, imiiMjdiafely runs off^ so that no more than 405,000 forties its way 
through the earth and sandy soil, till it meets with a bed of clay at the depth of two or 
three feet, from which it flows to the. mouth of the fountain, and feeds it. If 405, 0(X) 
therefore be divided by 365, the quotient will be 1 1(X) cubic feet of wut(ir, which it ought 
to furnish daily, or alM)ut 38,5(X) French pints. This muki^s about twenty-seven pints 
per minute, which is nearly the produce of the spring. j 

It appears from this and other calculations, that the rain which falls in particular 
districts is more than sufficient to accumnt for all their springs and riv(irs; and 8<jme very 
obvious circumstances show that the origin of springs is almost, if not entirely, owing to 
the rains which continually moisten the surface of the globe. In seasons of long drought, 
the greater part decrease in a considerable degree, and sofiie absolutely fail, while lliey 
are renewed in the same progression as the descending showers are, abundant. It is 
possibly the case, indeed, that the oc«ian filtering through f>ores of tin* earth — the salt 
particles being lost in the passage — may give rise to many springs ; l>ut as the preceding 
cause is amply sufficient to explain their formation, we fteed not recur to any other. Ihe 
rains and melted snow w hich the earth absorbs, percolate through crannies, or ooze 
through the strata, and collect in vast inU^rnal reservoirs in inountuinous regions, from 
which the superabundant water finds its way again to the surface, breaking out tlirougb 
fissures in the side and at the bottom of the hills. Copious springs thus issue from the 
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mountain limestone of England, through the fissures of the rocks, produced in the course 
of the consolidation and shrinking of the mineral masses. They seldom appear, however, 
on the sides of limestone hills, but break out in great numbers, and often with extraordi- 
naiy impetuosity, around their bases. In other conditions of the surface, the water per- 
colates through the masses of sand, gmvel, or chalk, that compose it, till it meets the solid 
rock, or a bed of impervious clay, which arrests its further descent, and springs are then 
formed at the point of the lowest level, on the edge of the rock or clay that dams it up. 
With few exceptions, the lower beds of the chalk formation are completely saturated with 
water which has percolated through the superior strata to the base, where its downward 
course is stopped l»y a subsoil of blue clay, which occasions tlie accumulation in the lower 
regions of the chalk, and the springs and rivulets which issue near the foot of every chalk 
hill. It is more difficult to account for springs where the country is neither hilly nor 
uneven, but constitutes a great level or plain. TJie water in these instances reaches the 
surface by asamsinn^ or flows in a direction co7itrary to that produced by the force of 
gravitation. There can be little doubt, however, that many of these springs derive their 
supply from distant (elevations, and are produced by tlie natural tendency of liquids to 
find their lev(;I. Other examples are perhaps due to capillary attraction, in consequence 
of which water ascends through the pores of the earth in the same manner as it rises in 
capillary tubes — in sponge or sugar-loaf-— so long as the latter remains undissolved. 

In order to give a distinct though general view of the curious and complicated pheno- 
mena of springs, they may he advantageously considered under different heads. 

1. PereMuiah Some springs are 
ever-flowing, and answer to the 
expression of sacred poetry — the 
fountains of living water.” They 
do not dry up during the longest- 
continued drought, and suffer little 
or no diminution in their volume. 
These are obviously quite inde- 
pendent of the last showers that 
have fallen, though their supply 
may primarily proceed from the 
rain and melted snow. It is rea- 
sonable to suppose that they gush 
from a body of water collected in 
subterranean cavities, so vast as 
not to be drairted off by the con- 
stant stream during the most pro- 
tracted season of dry weather, be- 
fore the interior basin is reple- 
nished. Of this nature is the 
celebrated spring of St, Winifred, 
at Holywell, in Flintshire, one of 
the finest in the world, which ap- 
pears to be situate at the point 
where the limestone first comes in 
contact with the coal measures. 
The quantity of water thrown up 
tons, in a minute. It has never 
been known to fail, but is subject to reduction during drought. The stream never 



St. Winifred’s Well. 

is estimated at eighty-four hogsheads, or twenty-one 
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freezes ; and though its course is little more than a mile before it arrives at the sea, yet 
elevon mills are put in motion by it The spring issues from the rock into a beautiful 
polygonal well, over which the Stanley family erected a chapel about the time of 
Henry VII. Upon the windows the chief events of St Winifred’s life are painted. The 
saint is reported to have been a virgin martyr who suffered upon this spot, the spring 
miraculously rising from her blood; and hence the veneration for the well in popish 
times. Pennant says of his own time : “ The custom of visiting this well in pilgrimage, 
and offering up devotions there, is not yet entirely set aside. In the summer a few are 
still to be seen in the water, in deep devotion, up to their chins for hours, sending up 
their prayers, or performing a number of evolutions round the polygonal well. In the 
year 1686 James 11. visited this well, and received as a reward a present of the very 
shift in which his great grandmother, Mary Queen of Scots, lost her head.” There are 
springs similarly powerful along the confines of the limestone district, which vary very 
little in their quantity of water, either in drought, or after the heaviest rains. About 
Denton, in Yorkshire, the roaring of the waters is incessant. 

2. Intermittent Many springs gush with vehemence, tlien subside, shrink away, and 
disappear, renewing their tide in its full strength at irregular intervals. They clearly 
derive their supply from the last rains, and hence fail altogether in dry seasons. On the 
chalk downs of the south of England, in Wilts and Dorset, it is a very common circum- 
stance for the valleys to be quite dry in one part of the year, and very fully watered in 
another ; and hence a Wiltshire proverb says, 

“ As the days lengthen, the springs strengthen.” 

But we may suppose such a cavity in a hill as a in the diagram, a reservoir fed by rain 
percolating through the superior rocks, and communicating with the surface by an arched 
channel, like b c d. As long as the water in the cavity is above the level of the channel 

at C, it will esciape through it, and gush 
out at D ; but the spring will cease when 
tlie water of tlie interior basin has been 
reduced to that level, and not be re- 
newed until it rises above it. The flow 
of the spring will also be more impetuous 
in pro}>ortion as the water of the cavity 
accumulates above the vertex of the 
siphon -formed arch. This is the prin- 
ciple of the Artesian wells, which have 
been constructed with signal success 
near many large cities occupying level 
sites, and formerly inconvenienced by 
the want of natural springs, or by the 
bad quality of the surface water. The action of these wells, puits Artesiens — so named 
from the province of Artois, where they have been long in use — is due to the constant 
endeavour of liquids to find their level. If we suppose a basin-shaped country, or a 
plain enclosed with heights, the rain which falls on the circumjacent hills being absorbed 
among the rocks, may be conducted through one of the underlying strata of the plain, 
completely occupying it, and yet be prevented from sinking lower, and also from reach- 
ing the surface, by inferior and superincumbent beds of solid rock or impervious day. 
In such circumstances a perpendicular perforation or boring into the ground is made, 
penetrating the superior impervious bed, and reaching the saturated stratum through 
which the water rises to the surface. Thus suppose a town situated upon a bed of clay 
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or mass of rock impervious to water, as a a ; b b a stratum through which it readily 
circulates, and which crops out or rises from beneath a a on each side ; c c also a rock 
through which it cannot pass. It is clear that rain, falling on the permeable stratum 
where it crops out, and being absorbed by it, yet prevented from passing downward 
under the action of gravity by the rock c c, will travel laterally through the stratum 
. under the town, unable however to find 

^ Tn level, and force its way to the surface 

through the superincumbent rock a a. 
This is a condition in which an artificial ' 
Artesian Well, boring at w, through A A to B B, will 

liberate the water of the latter, which will rise in the vent to the surface of the plain, in 
proportion as its source is elevated above it. Artesian wells, notwithstanding their 
modern name and its local derivation, appear to have been well known in various 
countries and in ancient times, without perhaps any apprehension of their principle. 
Neibuhr quotes an ancient writer as saying, “ Wells are sunk in the oases from two to 
four hundred yards in depth (the yard in question being equal to half a foot), whence 
water rises and flows over.” 

3. Reciprocating. There are springs which exhibit phenomena analogous to tlie flux 
and reflux of the tides of the ocean, some at regular intervals during the day, and others 
at more distant and uncertain periods. In one of the two letters addressed by the 
younger Pliny to Licinius, he describes a spring of this kind by the Larian lake — the 
modern Lake of Como : — “I have brought you,” he remarked, “ as a present, out of the 
: country, a query which well deserves the consideration of your extensive knowledge. 
There is a spring wdiich rises in a neighbouring mountain, and, running among the rocks, 
is received into a little banqueting room, from whence, after the force of its current is a 
little restrained, it falls into the Larian lake. The nature of this spring is extremely 
surprising ; it ebbs and flows regularly three times a day. The increase and decrease is 
plainly visible and very amusing to observers. You sit down by the side of the fountain ; 
and whilst you are taking a repast, and drinking its water, wdiich is extremely cool, you 
see it gradually rise and fall. If you place a ring or any thing else at the bottom when 
it is dry, the stream reaches it by degrees till it is entirely covered, and then gently 
retires ; and if you wait you may see it thus alternately advance and recede three succes- 
I sive times. Shall we say that some secret current of air stops and opens the fountain^ 

I head as it approaciies to or retires from it, as we see in bottles, and other vessels of that 
I nature, when there is not a free and open passage ; though you turn their necks down- 
i wards, yet, the outward air obstructing the vent, they discharge their contents as it were 
by starts ? But may it not be accounted for upon the same principle as the flux and 
reflux of the sea ? Or as those rivers which discharge themselves into the sea, meeting 
with contrary winds and the swell of the ocean, are forced back into their channels, so 
may there not be something that checks this fountain, for a time, in its progress ? Or is 
there rather a certain reservoir that contains these waters in the bowels of the earth, 
which, while it is recruiting its discharges, the stream flows more slowly and in less quan- 
tity ; but, when it has collected its due measure, it runs again in its usual strength and 
fulness? Or, lastly, is there 1 know not what kind of subterraneous counterpoise, that 
throws up the water when the fountain is dry, and stops it when it is full? You, who 
are so well qualified for the enquiry, will examine the reasons of this wonderful pheno- 
menon ; it will be sufficient for me, if I have given you a clear description of it. Fare- 
well.” 

The fact of the flow and ebb was reported, in antiquity, of a fountain, the celebrity of 
which is co-extensive with the prevalence of Christianity itself ; — 
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*' Silua's bruok that flow'd 
Fast by the oracle of God,*’ 

The puol of Siloam is a reservoir of artificial construction, fifty-three feet long by 
eighteen broad, into which a small stream flows, and is led off to irrigate tlie gardens of 

fig and fruit trees that lie along the slope of the 
Valley of Jehoshaphat. The stream enters the 
pool through a subterranean channel cut in the 
solid rock, and comes from the fountain of the 
Virgin, higher up in the valley. The irregular 
flow of the water is first distinctly mentioned by 
Jerome in one of his Commentaries, towards the 
close of the fourth century, who remarks: — 

“ Siloam is a fountain at the foot of Mount Zion, 
whose waters do not flow regularly, but on certain 
days and hours, and issue witli a great noise from 
hollows and caverns in the hardest rock.” An 
earlier record in the same century — that of a still 
extant Itinerary from Bourdeaux to Jerusalem — 
magnifies this circumstance into a flowing for six 
days and nights, and a resting on the seventh 
day ; an ancient popular legend, which might 
originate the statement of the elder Pliny, of there 
being a river in Judea that dries up on the sabbath 
day. The popular bidief is still firm among the 
inhabitants of Jerusalem, respecting the flow and 
ebb of the water ; but most modern travellers 
seem to Imve regarded it as an idle story, till Dr. llobinson was enabled to establish its 
truth. From him we have recently had the following account: “Having been, very 
unexpectedly, witnes.scs of the plicnomenon in question, wo arc enabled to rescue 
another ancient historical fact from the long oblivion, or rather discredit, into which 
it has fallen for so many centuries. As we were preparing to measure the basin of tlic 
upper fountain (in the afternoon of April 30th), and explore the passap leading from 
it, my companion was standing on the lower step near the water, with one foot on 
the step and the other on a loose stone lying in the basin. All at once he perceived the 
water coming into his shoe ; and, supposing the stone had rolled, he withdrew his foot to 
the step, which, however, was also now covered with water. Ihis instantly excited our 
curiosity ; and we now perceived the water rapidly bubbling up from under the lower 
step. In less than five minutes it had risen in the basin nearly or quite a foot; and we 
could hear it gurgling olF through the interior passage. In ten minutes more it had 
ceased to flow ; and the water in the basin was again reduced to its former level. Thrust- 
ing my staff in under the lower step, whence the water appeared to come, I found that 
there was here a large hollow space; but no further examination could be made without 
removing the steps. Meanwhile a woman of Kefr Selwan came to wash at the fountain. 
She was accustomed to frequent the place every day ; and from her we learned that the 
flowing of the water occurs at irregular intervals ; sometimes two or three times a ay, | 
and sometimes, in summer, once in two or three days. She said, she had Been the foun- , 
tain dry, and men and flocks, dependent upon it, gathered around and suffering from 
thirst ; when all at once the water would begin to boil up from under the steps, and (as 
she said) from the bottom in the interior part, and flow off in a copious stream. In ordCT 
to account for this irregularity, the common people say “ ‘ that a great dragon lies within 
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the fountain ; when he is awake, he stops the water ; when he sleeps, it flows/ ** The far- 
famed pool of Siloam is thus to be classed with the ebbing and flowing wells, though it 
does not appear that any character of periodicity belongs to the phenomenon. 

We have similar examples nearer home. In the diocese of Paderborn, in Westphalia, 
there is a spring which disappears twice in every twenty -four hours, returning always 
with considerable noise after six hours, and hence called by the inhabitants the bolder^ 
hom^ or boisterous spring. Lay Well, near Torbay, also ebbs and flows very visibly, 
several times every hour, the distance between high and low-water mark, according to 
one observer, being somewhat less than half a foot. Another irregularly reciprocating 
spring occurs in the neighbourhood of Giggleswick, in Yorkshire, at the foot of the Scar, 
an almost perpendicular cliff of limestone and gravel, apparently about 1 50 feet high, 
and extending above three miles in length. The water discharged from the rock falls 

immediately into a stone trough, in the front of which are two holes near the bottom 

the outlets of two streams that flow constantly from the artificial cistern. An oblong 
notch is also cut in the same side of the trough, which extends from the brim of it nearly 
to the level of the two holes already mentioned. This aperture is intended to show the 
fluctuations of the well: for the water subsides in the notch when the stream issuing from 
the rock be(!omes languid ; on the contrary, the surface of the water rises again in the notch, 
so soon 08 the influx into the trough begins to be more copious. The reciprocations of the 
spring are easily observed by this contrivance ; and they appear to be very irregular, 
both in respect of duration and magnitude. The interval of time betwixt any two suc- 
ceeding flows is sometimes greater, and at other times less, than a similar interval which 
the observer may happen to take for his standard of* comparison. The rise of the water 
in the cistern, during the time of the well’s flowing, is also equally uncertain ; for it varies 
from one inch to nine or ten inches in the course of a few reciprocations. The spring 
discharges bubbles of air, more or less copiously, into the trough. These appear in the 
greatest abundance at the commencement of the flow, and cease during the ebb, or at 
least issue from the rock very sparingly at that time. The water is limpid, cold, and 
wholesome, and has no particular taste. Weeding Well, in the Peak of Derbyshire, other- 
wise called the Ebbing and Flowing Well in the locality where it is situated, exhibits the 
same characteristic. It lies in a field by the road-side in the neighbourhood of Castleton 
Dale, surrounded with mud and weeds. The motion of the water depends upon the 
quantity of rain during the season, and is by no means regular, as it has ceased to flow 
for several weeks during a drought ; but, in very wet weather, it will flow and ebb more 
than once in an hour. Ihe time which it continues to flow varies; but it is sometimes 
four or five minutes, the water appearing at first slightly agitated, and then issuing forth 
from nine small apertures with a gurgling sound. After remaining stationary, it then 
ebbs to its ordinary level. The well is scarcely inclosed, and has the appearance of a 
pool ; but the licight to whicli it would rise would probably exceed a foot, if the margin 
were protected so as to prevent the overrunning of the water. It has been known to 
discharge twenty-three hogsheads in a minute. No theory has yet been proposed to 
account for the peculiarity of these springs which is perfectly satisfactory ; but probably 
Pliny s compari^n of their fluctuations to the interrupted and irr^ular stream which 
issues from an inverted bottle may have some portion of truth, as well as the common 
hypothesis of an interior cavity of water discharging itself by a siphon-formed channel. 

4. Thermal. Springs characterised by a higher temperature throughout the year than 
the mean of the latitude where they are situated, abound in active volcanic districts, as 
in the Neapolitan territories and Iceland, and are obviously referable to the action of 
subterranean fire. They are frequent also in localities which have been the scenes of 
volcanic activity in past ages, as in Asia Minor, the neighbourhood of Borne, and Au- 
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vergne. They are found, likewise, in countries far apart from both active and extinct 
volcanoes, and are probably due to a variety of causes — to the disengagement of subterra- 
nean gases powerfully combined with caloric, to the decomposition of mineral substances, 
and to the internal heat of the globe. There are varieties of pyrites which are converted 
into sulphate of iron, by the contact of water, an evolution of heat accompanying the 
change ; and supposing a spring to flow through a bed of such pyrites, its waters might 
become thermal by such a decomposition. It is, however, a well-known fact that the 
internal temperature of the globe increases with the distance from the surface, and many 
of the warm springs may be simjily occasioned by the superlicial waters percolating 
through cracks and fissures to an immense depth, where they are variously heated by the 
high temperature of the interior, according to the extent of their penetration, and 
returned to the surface before being cooled down. Warm springs occur at Buxton, Stoney 
Middleton, and Matlock in Derbyshire, which, on account of their properties, and the 
beautiful localities in which they are situated, annually attract a number of visitors, and 
verify the remark of Seneca, “ wherever warm springs abound, new places of amusement 
are sure to rise up.” The heat of the Matlock water ranges 1‘rom 66"^ to 68° Fahrenheit ; 
that of Stoney Middleton, where it is believed the Romans established a bath, is 2° 
higher ; while that of the Buxton water is 82°, and never varies at any hour of the day, 
or season of the year. At the latter spot, some lines are still shown, as those which Mary 
Queen of Scots is said to have scratched upon one of the windows of the apartment she 
occupied : — 

lUtxtona, qu;r calida? celebrabcre nomine lyinplw, 

Forte milii postbae non acleuiuia, vule* 

“ Buxton, farewell ! no more perbaps my feet 
Tby famous tepid streams shall ever greet.” 

The south thermal waters of England, in the counties of Gloucester and vSomerset, 
excepting Bristol, have a higher temperature than those of the north division, that of 
three of the springs of Bath being as follows: — Cross Bath 109°, King’s Bath 114°, 
Hot Bath 117°. It appears somewhat remarkable that the tepid springs of Matlock rise 
from fifteen to thirty yards above the level of the river Derwent, while those that rise 
above and below that range are cold ; and the common oc(!urrence of hot and cold springs, 
in close justaposition, seems not less anomalous. Homei*, in describing the fliglit of 
Hector before Achilles, attributes to the Scamandcr, two fountain-heads, the one hot and 
the other cold : — 

“ Next by Scamunder’H double source they bound, 

Where two fam’d fountains burst the parted ground } 

This hot through Kcorcbing clefts is seen to rise, 

With exhalations streaming to the skies ; 

'fliat the green hunks in summer’s heat o’erflowa, 
bike crystal clear, and cold as winter snows.” 

Homer is wrong in assigning such a source to this particular river, which bursts at once 
from a dark chasm in the Idamn mountains, amid scenery of the grandest description ; but 
the fact of hot and cold springs in the immediate vicinity of each other, blending their 
waters in one stream, is not an uncommon physical occurrence. The commander oi the 
recent exploring expedition from the United States, Mr. Wilkes, witnessed a remarkable 
example of this in one of the islands of the Feejee group. On landing, the beach was 
found absolutely steaming, warm water oozing through the sands and gravel, in some 
places too hot to be borne by the feet. The . springs were five in number, at some 
distance from the beach, occupying a basin forty feet in diameter. A small rivulet of 
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fresh water passed close to the basin, so that one hand iniglit be put into a scalding spring, 
and the other in water of’ the temperature of 75^. That of the spring was from 200° to 
210°, The waters joined below, and the united streams stood at 146°, diminishing in 
temperature until they entered the sea. No gas appeared to be disengaged from the 
springs, in which the natives customarily boil their food, which is well done in about a 
quarter of an hour. Strange as it appears to find hot and cold streams pouring from the 
bosom of the earth within a few paces of each other, their subterranean courses nmy be 
far apart, and be prosecuted under widely different circumstances, the one percolating 
through substances which occasion the evolution of heat, or rising up from an immense 
depth where it has been heated by interior fires, and the other confined entirely to the 
superficial strata. When the Homans came into Gaul, they found a warm spring in 
Provence, which furnished an abundant supply of w’ater, and which received the name of 
Aqucp, SextifP^ from Sextus Calvinus, who established baths, and laid tlie foundation of 
the modern city of Aix upon the spot. Through digging in the neighbourhood, about 
a tliousand paces distant, some cold springs were laid open, and the spring of Sextus gra- 
dually diminished, and became perfectly dry. In 1721, the plague then raging at Aix, 
the pliysicians declared that the warm spring would be highly beneficial for bathing, and 
the other springs were accordingly stopped, and in twenty-two days that of Sextus re- 
appeared. It seems evident, therefore, that their waters are identical, cold and hot within 
the superficial distance of a thousand paces, but their passage from the one point to the 
other is no doubt that of a descent to a great depth, where the w arm temperature is 
acquired, from whence they remount to the surface. 

Thermal springs are common in the Alps and Pyrenees, and in the districts lying 
around their roots, particularly in the Grand Duchy of Ihidcn, where they have occa- 
sionally a very high temperature. The town of Baden was the Civitas Aurelia Aquensis 
of the Romans, and posses.ses thirteen w^arm springs, the principal of which, called the 
Ursprung, produces 7,500,000 cubic inches (d* water in twenty-four hours, with a tem- 
perature of 153^°. The temperatun; of the thermal springs on the nortlujrn side of the 
Alps is Leuk, twelve springs, varying from 117^^ to 126°; Naters, 86° ; 8t. Gervaise, 
94° to 98° ; Aix les Bains, 1 14° to 1 17° ; Moutiers, 101° ; and Brida, 97°. These springs 
ri.se near the bottom of the great calcareous formation that covers the northern side of 
the Alps, and near its junction with the mica slate that covers the granite. Mr. Bake- 
well refers the temperature of the thermal waters of the Alps and Pyrenees to interior 
combustion, to the agency of wdiich, the original elevation of the mountains may be due; 
and the conclusion is supported by the fact, that the districts where the hot springs are 
situated, have been subject to great and frequent convulsions, particularly the Haut Vallais, 
where the temperature of the water is the highest. In the year 17*55, at Brieg, Naters, 
and Leuk, the earth wa.s agitated wdth earthquakes every day for four months, and some 
of the shocks were so violent, that the steeples of churches were thrown dow n, the walls 
were split, many houses became uninhabitable, and the waters of the Rhone were observed 
to boil. It is probably true of most hot springs, that they owe th(?ir temperature to 
subterranean fire, ns much as those in the neighbourhood of Vesuvius, though occurring 
in countries where no indications of igneous action are exhibited by the. superficial crust 
of the earth. It is corroborative of this statement, that during the great earthquake that 
destroyed Lisbon in 1755, the hot springs at Moutiers, in Savoy, ceased to fiow for forty- 
eight hours, and increased in quantity w^ien they flowed again, a similar effect being 
produced at the same time at the hot springs of Toplitz, in Bohemia. 

There are several tepid springs wdiich appear to alter considerably in their temperature, 
being warmer in the winter than the summer, — an apparent variation merely, caused by 
the real variation in the temperature of the atmosphere. There are warm springs, how- 
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ever, in which the temperature is really different at different seasons, as measured by the 
thermometer immersed in the water, alterations which are periodical in some cases, and 
irregular in others. The following passage occurs in Lucretius ; — 

“ A fount, ’tis rumour’d, near the temple purls 
Of Jove Ammonian, tepid through the night, 

And cold at noon-day ; and th* astonish’d sage 
Stares at the fact, and deems the punctual sun 
Strikes through the world’s vast centre, as the shades 
Of midnight shroud us, and with gay reverse 
Madden the well-spring ; creed absurd and false.” 

Pliny refers to this fountain, with some exaggeration, as cold in the day-time, and scorch- 
ing hot at night ; and Ovid likewise ; — 

“ Thy stream, O horii-crown’d Ammon I in the midst 
Chills us at noon, hut warms al morn and eve.” 

The alterations in the temperature of*the fountain is analogous to that of the caverns 
encrusted with ice in summer, and warm in winter, and may have been produced in the 
same way by evajioration. 

5. Ebullient — Springs disjdaying violent ebullition, sending off vast clouds of steam, 
and throwing up their scalding water to a considerable height in the form of a jet, are 
the common phenomena of volcanic rtigions. In the island of St. Miehucl, one of the 
Azores, there is a round, deep, and lovely valley, its sides covered with myrtles, laurels, 
and mountain gi’apes, with wheat, Indian corn, and poplars waving upon its fields, in which 
many boiling fountains occur. The principal, called the Caldeira, is on a gentle eminence 
by the side of a river, and boils with great fury, and the river itself exhibits ebullition in 
various places, where the water is too hot to be borne by the hand. But the most re- 
markable of these springs are found in Iceland, and constitute, owing to tlieir diversified 
appearanc(!8, sublime, beautiful, and terrible objects in that strange region, where the 
extremes of heat and cold, in the form of ice and fire, are in near proximity. They are 
found in various parts of the island, but the chief are situated in its south-western division, 
on a plain at the base of a low range of hills, about thirty-six miles from Heela. Here, 
within a circle of two miles, above a hundred are contained, some of which boil incessantly, 
without any discharge of their contents, while others cast their w aters high into the air. 
To the principal of these springs the name of Geyser is applied — a term derived from the 
Icelandic yeysa, signifying to burst forth wdth vehemence and impetuosity. There are 
two, more remarkable tlian the rest, called the Great Geyser and the New Geyser, whose 
columns of vapour are seen by the traveller long before he reaches their site. “ At the 
distance of several miles,” says Henderson, “on turning round the foot of a high moun- 
tain on our left, we could descry, from the elouds of vapour that were rising and convolv- 
ing in the atmosphere, tlie spot w here one of the most magnificent and unparalleled scenes 
in nature is displayed.” The Geysers are intermittent hot springs ; and on approaching 
the Great Geyser, wdien in a quiet state, it presents the appearance of a large circular 
mound, formed by the depositions of the fountain. Ascending the mound, a spacious 
basin is seen, partly filled with hot w ater, clear as crystal, and gently bubbling. In the 
centre there is a cylindrical pipe or funnel, about eighty feet in depth, and from eight to 
ten feet in diameter, widening at the top, and opening gradually into the basin. The 
inside exhibits a whitish surface, consisting of a siliceous incrustation, which has been 
rendered smooth by the action of the boiling water. The basin is about 150 feet round ; 
and, when full, the water it contains is about four feet deep, measuring from the surface 
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to the commencement of the pipe. The water, occasionally running over the edges of the 
mound, has acted upon the surrounding peat, mosses, and grass, converting them into 
stone, and furnishing line specimens of petrifaction. 

Such is the Geyser when asleep ! The whole scene changes when it is in action, which 
occurs at irregular intervals. Explosions in the bowels of the earth, like reports of 
cannon, shake the ground, and warn the visitor to retire to a distance, for they announce 
an eruption. The water in the basin becomes more and more agitated ; it boils furiously ; 
and at last it is suddenly projected into the air, in a succession of jets, which ore at first 
inconsiderable, but become more powerful, till a magnificent column is sent up to a great 
height, finishing the display, as though the Geyser, like a thing of life, summoned all her 
power to dignify her retreat. This is the grandest part of the exhibition. The atmo- 
sphere is filled with immense volumes of steam, rolling over each other as they ascend, 
through which the columns of water, shivering into foam and spray, are seen spreading 
in all directions. As the jets rise out of the basin, the water reflects the most beautiful 
colours — sometimes a pure and brilliant blue, or a bright sea green ; but, in its farther 
ascent, all distinctness of colour is lost ; and tlie tops of tlie jets, receiving the rays of the 
sun, are white as snow. It appears, from the observations of various visitors, that the 
height of the jets is very irregular, and the power of the Geyser very unequal. In Olaf- 
sen and Poveisen’s time, the water was carried to the height of three hundred and sixty 
feet! When seen by Von Troil, in 1772, it rose to ninety -two feet. Sir John Stanley 
states the highest jet observed by his company, in 1789, to have been ninety-six feet. 
Lieutenant Ohlsen, a Danish officer, in 1804, found by a quadrant that the highest jet 
rose to two hundred and twelve feet. In 180^) Mr. Hooker mentions its rising to upwards 
of a hundred feet ; and Sir George Mackenzie states ninety feet to have been the height 
to which he saw the water thrown in 1810. 

The New Geyser is somewhat different in its external structure from the preceding 
fountain, but its eruptions are marked with the same characteristic features, The name 
of Stockr is applied to it by the Icelanders, signifying, to agitate — originally the name of 
a fountain close by, which, immediately after an earthquake in 1789, became entirely 
tranquil, when New Stockr began to erupt. Henderson witnessed the joint eruption of 
both Geysers, of which he gives the following description : — “ About ten minutes past 
five in tlie morning we were aroused by the roaring of Stockr, which blew up a great 
quantity of steam ; and when my watch stood at the full quarter, a crash took place as if 
the earth had burst, which was instantaneously succeeded by jets of water and spray, 
rising in a perpendicular column to the height of sixty feet. As the sun happened to be 
behind a cloud, we had no expectation of witnessing any thing more sublime than we had 
already seen. But Sto<‘kr had not been in action above twenty minutes, w^hen the Great 
Geyser, apparently jealous of her reputation, and indignant at our bestowing so much of 
our time and applause oii her rival, began to thunder tremendously, and emitted such 
quantities of water and steaiq, that we could not be satisfied with a distant view, but 
hastened to the mound with as much curiosity as if it had been the first eruption we had 
beheld. However, if she was more interesting in point of magnitude, she gave the less 
satisfaction in point of duration, liaving again become tranquil in the course of five 
minutes ; whereas her less gaudy but more steady companion continued to play till within 
four minutes of six o’clock.” Henderson mentions the singular fact, that by throwing a ' 
great quantity of large stones into the pipe of Stockr, he could awaken the slumbering 
giant, and bring on an eruption in a few minutes. It has been thought a remarkable cir- 
cumstance^ that the old Icelandic annals should be entirely silent respecting these marvels 
of the island. An apparent allusion to them occurs in the ancient poem, the Voluspa, in 
the Edda : — 
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*• At the end of time 

The vapours rage (geysar), 

And playful flames 
Involve the skies.*' 

Ari Frode, the first historiographer of the north, who flourished in the eleventh century, 
was educated within a mile of the Geysers, yet makes no mention of them ; nor arc they 
referred to by a native Icelander, till the time of Svenson, bishop of SkaJpolt, in the 
seventeenth century. But no argument can be founded upon this fact, to prove that 



The Great Gey»er, 


the boiling fountains were not in full play when the first Norwegian colonists took pos- 
session of the soil, in the ninth century, more tlian that Hei*eulaneum and Pompeii were 
not overwhelmed by the eruption of Vesuvius in the year 79, because Pliny, who saw the 
volcano explode, who lost his uncle by it, and minutely describes the event, omits all 
notice of the buried cities — one of the most unaccountable circumstances in the range of 
history. 

The explanation of these great efforts of nature, given by Mr, Lyell, is simple and 
ingenious, founded upon the general supposition of a subterranean cavity where water 

and steam collect, and where the free escape of the 
steam is prevented till it acquires sufficient force 
to discharge the water. He supposes water from 
the surface of the earth to penetrate into the cavity 
A D by the fissures f f ; while at the same time 
steam, at an extremely high temperature, rises up- 
wards through the fissures c c. When the steam 
reaches the cavity, a portion of it is at first con- 
densed into water; and it gradually raises the 
temperature of the water already there, till at last the lower part of the cavity is filled 
with boiling water, and the upper part with steam under high pressure. As the pressure 
of the steam increases, its expansive force becomes greater ; and at length it forces the 
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boiling water up the fissure or pipe e b, and a considerable quantity runs over the rim 
of the basin. When the pressure on the steam in the upper part of the cavity is thus 
diminished, it expands till all the water, d, is driven to e, the bottom of the pipe ; and 
when this happens, the steam rushes up with great velocity, as on the opening of the 
valve of a steam boiler. Mr. Lyell, upon the same principle, accounts for the eruption of 
volcanoes, referring it to the agency of steam upon melted lava accumulated in cavi- 
ties in the bowels of the earth — a theory which, though not demonstrable, is invested 
with a high degree of probability. Incidental notice may here be taken of some springs 
which appear to boil, but are cold to the touch and to the thermometer. They are occa- 
sioned by currents of pure air or gases being in connection with their waters. There is 
one of this kind at Pcroul, near Montpellier, which bubbles and heaves up furiously ; and 
some parts of the river Etang, in the vicinity, exhibit the same appearance. Dr. Robin- 
son found, in several dry places of the ground in that district, many small passages or 
clefts, at tlie mouth of which he placed light bodies, such as feathers, straws, and leaves, 
which were speedily blown aside. 

A remarkable spot was visited by Humboldt in South America, where phenomena of a 
class similar to those of the ebullient springs appeared — the eruption of water, mud, and 
air from tlie surface. The scene of this exhibition was near the Indian village of Tur- 
baco, in the neighbourhood of Carthagena — a beautiful district adorned with luxuriant 
vegetation. After pushing his way through thickets of palm-trees, he reached an open 
space almost entirely devoid of verdure, called, by the natives, Los Volcanitos. They 
affirmed that, according to a tradition preserved in the village, the ground had formerly 
been ignited ; but that a monk had extinguished it by frequent applications of holy water, 
and converted the fire volcano into a water volcano. The volcanitos consisted of several 
small truncated cones, having a height of about twenty feet, and their circumference at 
the base near eighty yards. At the top of each cone there was an aperture, about two 
feet in diameter, filled with water, through which air-bubbles obtained a passage. Each 
of the bubbles contained upwards of a cubic foot of elastic fluid; and their power of 
exi)nnsion was often so great, that the water was projected over the brim of the cone. 
Some openings by which air escaped were observed in the plain, without being sur- 
rounded by any prominence of the ground. The natives asserted that there had been no 
observable change in the form and number of the cones for twenty years, and that the 
little cavities are filled with water even in the driest seasons. The temperature of the 
water and mud was not higher than that of the atmosphere; the latter having been 81*5®, 
and the former 80*()“ or 81"^, at the time of Humboldt's visit. A stick could easily be 
pushed into the apertures to the depth of six or seven feet ; and the dark-coloured clay or 
mud was exceedingly soft. An ignited body was immediately extinguished on being 
immersed in the gas collected from the bubbles, which was found to be pure azote. Here, 
botanising in the magnificent woods around, the traveller spent several happy days with 
Bonpland — the scientific companion of his journey, afterwards seized by the tyrant 
Francia — the subject of the following pleasing allusion, written in 1831 : At Turbaco 
we lived a simple and laborious life. We were young ; possessed a similarity of taste and 
disposition ; looked forward to the future with hope ; were on the eve of a journey which 
was to lead us to the highest summits of the Andes, and bring us to volcanoes in action 
in a country continually agitated by earthquakes ; and we felt ourselves more happy than 
at any other period of our distant expedition. The years which have since passed, not 
all exempt from griefs and pains, have added to the charms of these impressions ; and I 
love to think that, in the midst of his exile in tlie southern hemisphere, in the solitudes 
of Paraguay, my unfortunate friend, M. Bonpland, sometimes remembers with delight 
our botanical excursions at Turbaco — the little spring of Torecillo — the first sight of 
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a Gustavia in flower — or of the Cavanillesia loaded with fruits, having membrnnous 
and transparent edges.” 

6. Inflammable, Springs capable of firing and supporting flame are found in several 
parts of the globe, and, though not very numerous, they have been known from a very 
early era. They arise from combination with combustible substances of hydrogen gas. 
The substance usually found oozing out of the earth, in connexion with their waters, 
passes under the various names of pitch, naphtha, petroleum or rock oil, and bitumen. 
Naphtha is the purest state of this substance, which becomes petroleum upon a certain 
exposure to the air, and bitumen upon a continued exposure to it. The fountain by the 
temple of Jupiter, at Dodona, was inflammable, according to the account given of it by 
the Roman natural philosopher and poet Lucretius ; — 

“ A fount there is, too, which, though cold itself, 

With instant flare the casual flax inflames 
Thrown o’er its surface ; and the buoyant torch 
Kindles alike immediate, o’er its pool 
Steering the course th’ etherial breeze propels.” 

Pliny confirms this representation ; and il‘, with Colf)nel Leake, we suppose Dodona to 
have been in the valley south of the lake of loannina, in Kpirus, the statement may be 
true ; for now, in Illyria and Zante, at no great distance, there are pitch springs ; and, in 
the latter, they were certainly in existen(‘e 2300 years ago, as we learn from Herodotus. 
“ In Zaeynthus,” says the historian, “ I saw pitch brougld u]) out of the water of a pond. 
Indeed there are several of these ponds ; but the largest of them is about seventy feet 
square, and twelve feet deep. The mode of procuring thp pitch is the following: — They 
take a pole, and push it into the water with a myrtle branch at the end ; and, on pulling 
it up, they find the pitch adhering to it, which in smell is like asphaltus, but of a betten* 
quality than the common pine pitch. They collect this pitch in a kind of vat or recep- 
tacle which they have dug near the pond ; and, when the quantity is considerable, they 
put it in large jars or barrels.” The historian might be describing an operation of the 
present day, so exactly do the proceedings of the modern Zantcotc's correspond with his 
account. The great region of naphtha springs is to the west of tlui Caspian, in the terri- 
tory of Baku, where a scene presents itself alike marvellous and uniciue. The naphtha 
streams spontaneously througli the surface, and rises wherever a hole is bored. Speak- 
ing of a spot where it most abounds, Colonel Rottiers states : — “It appears to undergo 
distillation as it ascends to the surface, and thence falls down the sides of the mountains 
into reservoirs, constructed at some unknown period. It is conjectured, that entire forests 
of resinous trees were once engulfed by some violent eflbrt of nature, and that their 
decomposition is the origin of this inflammable liquid. The colour of the oil is black ; 
but it shines with a reddish tint wlicn the sun’s rays are upon it.” Not far from the same 
spot he observed a current of white oil gushing out, which readily inflames and burns 
upon the surface of water ; and in calm weather the people of the country amuse them- 
selves by pouring whole tons of it into a bay of the Caspian. They then set fire to it ; 
and it is borne out of sight, giving the waves the appearance of a sea of fire ; and, in com- 
parison with this splendid exhibition, our finest illuminations and fireworks sink into 
insignificance. Petroleum springs occur in the territory of Modena and Parma, in Sicily, 
and in the Birman empire, where, in one locality, there are said to be upwards of five 
hundred wells, yielding annually 400,000 hogsheads. Around the island of Trinidad, 
also, fluid bitumen oozes from the bottom of the sea, and rises to the surface of the 
water 5 while, in the interior of the island, there is avast collection of bituminous matter, 
forming a great pitch-lake, with frequent crevices and chasms filled with water. The 
origin of the substance in this locality is referred by some writers to the immense quan- 
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titles of woody and vegetable bodies brought down in the course of ages by the river 
Orinoco, which, becoming arrested in particular places by the influence of currents and 
eddies, and subject to the agency of subterranean fire in this region of volcanic action, 
have undergone those transformations and chemical changes which produce petroleum, 
converted into pitch upon being forced up to the surface and exposed to the air. There 
are waters, however, unconnected with bitumen, from whose surfaces flames dart out, 
without the liquid being at all hot. These contain inflammable gases, disengaged from 
masses of iron, zinc, and tin, dissolved by sulphuric and muriatic acids. Such are the 
fountains of Poretta Nuova, and a brook near Bergerac, which may be kindled by a 
lighted straw. Similar springs have appeared near Wigan in Lancashire, and Brosely 
in Salop, by the banks of the Severn. 

7. Mineralised* Water is seldom found in a pure state, that is, without colour, taste, 
or odour. It is generally met with possessing these properties ; and even when its odour 
is not cognizable by man, the keener sense of the camel will scent it afar off in the desert. 
Rain water is impregnated with whatever foreign ingredients may exist in the atmosphere 
through which it descends ; and spring water, besides betraying the ingredients usually 
found in the rains from which it proceeds, becomes charged with a variety of substances 
and gases in percolating through the superficial strata of the earth. When these are 
present in an extraordinary degree, so as to produce some sensible effect upon the animal 
economy, the springs so constituted are termed mineral, and are both cold and thermal. 
The mineral waters may be grouped generally into the four following classes, and occur 
at the places annexed to them : — 

Saline Aperient Waters. — In Germany, at Carlsbad, Marienbad, Egra, Kissengen, 
Wiesbaden, Baden-Baden, Seidlitz, and Pullna. In England, at Cheltenham, Lea- 
mington, Harrowgate, Northwich, Epsom, and Ashby-de-la-Zouch, In Scotland, at 
Dumblane and Pitcaithly. 

Alkaline Waters. — In Germany, at Carlsbad, Marienbad, Kissengen, Pullna, Saidschutz, 
Ems, Tbplitz, and Wiesbaden. In England, at Harrowgate, Scarborough, Cheltenham, 
Leamington, and Bath. In France, at Vichy and Mont d’Or. 

Chalybeate and Acidulous Waters. — In Germany, at Spa, P 3 rrmont, Schwalbach, 
Marienbad, Aix-la-Chapelle, and Seltzer. In England, at Tonbridge, Harrowgate, and 
Brighton. In Scotland, at Peterhead. 

Sulphureous Waters. — In Germany, at Aix-la-Chapelle. In the Pyrenees, at Bareges. 
In England, at Harrowgate, Askern, and Kedleston. In Scotland, at Moffat and 
Strathpeffer. The foreign sulphureous springs mentioned are hot; the domestic, 
cold. 

The waters of many of the chalybeate springs frequently hold in solution so large a 
quantity of iron, as to encase with a ferruginous deposit the channels through which they 
pass, depriving of their natural green the mosses and grasses which are laved by the 
stream, and covering them with a yellow incrustation. The brine springs of Northwich, 
whieh rise up through beds of rock-salt, are also so fully saturated, as to yield on annual 
supply of upwards of forty thousand tons of salt manufactured from them, besides the 
laige quantity taken from the mines. But of all mineral ingredients, lime combined with 
carbonic acid occurs in the greatest abundance in springs, some of which are thermal. 
The deposition of the calcareous matter held in solution takes place when the acid is 
dissipated in the atmosphere, and extensive formations are produced. So rapid is the 
precipitation of carbonate of lime at the hot baths of St. Vignone, in Tuscany, that half a 
foot of solid travertine is the annual product near their source. The hot waters of Hiera- 
polis have been similarly productive. This city, now a site of desolate ruins, was 
formerly one of the most flourishing in Asia Minor, and was resorted to for its thermal 
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springs, celebrated in a still extant inscription : — “ Hail golden city Hierapolis ! tbc spot 
to be preferred before any in wide Asia, revered for the rills of the nymphs, adorned with 
splendour!” The ancients speak of the transforming power of the waters, and relate that 
being conducted about the vineyards and gardens, the channels became long fences, each 
a single stone. There is now a powerful hot spring feeding numerous rills, and a calca- 
reous eliff, an entire deposition from it. The occurrence of petrifactions, wliich puzzled 
science a century ago, and which rustic ignorance accepted as instances of the real trans- 
mutation of different objects into stones, is now well known to arise from the deposition 
upon them of the earthy ingredients of the waters to which they are exposed, investing 
them with a calcareous or siliceous crust. The Drij»idng AVell at Knaresborough, on the 



banks of the Nidd, often visit- 
ed on account of its inviting 
scenery, and the cave of 
Eugene Aram in the neigh- 
bourhood, is a curious petrify- 
ing spring ; and at the IMat- 
lock Wells the process of jxi- 
trification is shown, objtx'ts 
which are put into thetn be- 
(X)ming soon encrusted with 
the limestone precipitated from 
tin; water as it eva}>orates. A 
consid(Tahle number of springs 
have rec(‘ntly been found to 
contain iodine or bromine. 
'Fhose which issue from the 
lias at L(‘.amington,GloucoRt(‘r, 
'J'ewkesbury, and Cbeltenbam, 
contain iodine. The saline 
aperient waters of Epsom con- 
tain a small (juantity of bro- 
mine, which is also found in 
the springs from tlie coal fur- 
Illation of Ashby-de-la-Zoucb, 
Newcastle, and Kingswood. 


Dri|iping Wi;ll, Knurvtiburough. 


In several Eun)p(‘an springs, 
a remarkable animal substance. 


has been detected, termed glairine, which may be derived from strata containing animal 
fossil remains, througli wliich tlie water percolates. 

Such arc the chief peculiarities of the subject of this chapter. No apology iK'cd be 
offered for devoting so much sjiace to it; for, liowev(;r incompiitent to explain all the phe- 
nomena, there can be no difference of opinion us to the high interest and practical utility 
of the jdienomena themselves. The springs are the sources of the rivers which fertilise 
the soil through which they flow, and form the navigable channels which offer nations a 
convenient medium of intercommunication. To the geologist, they sjicak in the language 
of comment respecting the interior constitution of the globe, by their oc(!asional high 
temperature and mineral composition, and the mode in which many of its strata have been 
produced, by the solid products in course of formation from their waters. The medicinal 
virtue of their streams is also a beneficial item of no mean importance ; and whether 


welling through the loose sand and stony pavement of the Arabian desert, or breaking 
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forth at the grassy foot of a grove-crowned hill, the fountains of the earth are inviting 
(»bject8 of contemplation, through their association with the ideas of purity and bene- 
volence, independently of being beautiful parts of natural scenery. Hence we may 
sympatliise with the sentiment that ins{»i!*ed the ancient songs of the Well, and regard as 
an appropriate homage, when under due restraints, that principle of veneration for the 
waters which pervaded the mind of all antiquity, and has survived in some rural customs 
to th(i present day. Milton, in liis Comus, alludes to the honours formerly paid to the 
Severn ; 

“ 7’hi! shepherds at their festivals 
('arol her good deeds loud in rustic lays, 

And throw sweet garland wreaths into her stream, 

Of pansies, pinks, and gaudy dalTodils.” 

Th(‘re- is ati el(‘gant custom still observed by the villagers of Tissington, in Derby- 
shire, of a similar kind — that of dressing their wells with flowers on Ascension day. 
There an^ live, copious springs issuing out of the limestone, which are decorated with 
boughs of laurel and whitr^ thorn, interspersed with the flowers of the season, arranged in 
various patterns and inseriptioris. 'J'lui effect is singularly beautiful; and the procession 
of the |)(!asantry to sing at each w<dl — a graceful usage handed down from a remote age 
— forms a very agreeahle sp(.‘(!taele. 


CHAPTER VI. 

RIVERS. 

iVERs constitute an important part of the 
a<iueous jmrtion of the globe; with the great 
liiK's of wut(*r, with streams and rivulets, they 
lV»rm a numerous family, of which lakes, 
springs, or the meltings of ice and snow, 
upon the summits of higli mountain chains, 
are tlie parents. The Shannon has its source 
ill a lake ; the Rhone in a glacier ; and the 
Ahyssiuian braiieh of the Nile in a confluence 
of fountains. The country where some of 
the mightiest rivers of the globe have their 
rise, has not yet been sufficiently explored to 
render their true source ascertainable. The 
origin of others is doubtful, owing to a num- 
ber of rills presenting equal claims to be con- 
sidered tts the riv(’r-liead ; but many are clearly referable to a single spring, the current 
of which is speedily swelled by tributary waters, ultimately flowing in broad and deep 
channels to the sea. Inglis, who wandered on foot through many lands, had a fancy, 
which he generally indulged, to visit the sources of rivers, when the chances of his 
jourucys threw him in their vicinity. Such a pilgrimage will often repay the traveller 
by the scenes of picturesque and secluded beauty into which it leads him ; and even when 
the primal fount is insignifieant in itself, and the surrounding landscape exhibits the 
tamest features, there is a reward in tlie associations that are instantly wakened up — 
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the thought of a humble and modest commencement issuing in a long and victorious 
career — of the tiny rill, proceeding, by gradual advances, to become an ample stream, 
fertilising by its exudations, and rolling on to meet the tides of the ocean, bearing the 
merchandise of cities upon its bosom. Tlie Duddon, one of the most picturesque of the 
English rivers, oozes up through a bed of moss near the top of Wrynose Fell, a desolate 
solitude, yet remarkable for its huge musses of protruding crag, and the varied and vivid 
colours of the mosses watered by the stream, l^etrarch’s letters and verses have given 
celebrity to the source of the Sorgues — the spring of Vaucleuse, wliich bursts in an 
imposing manner out of a cavern, and forms at once a copious torrent. The Scamundiu’ 
is one of the most remarkable rivers for the grandeur of its source — a yawning chasm in 
Mount Gargarus, shaded with enormous plane-trees, and surrounded with liigh dills, 
from whicli the river impetuously dashes in all the gr(?atnes8 of the divine origin assigned 
to it by ancient fable. To discover the source of the Nile*, hid from the knowledge of 
all antiquity, was the object of Bruce’s adventurous journey ; and we can readily enter 
into his emotions, as he stood by the two fountains, after all the toils and hazard ln‘ iiad 
braved. “ It is easier to guess,” he remarks, “ than to describe the situation of my mind 
at that moment — standing in that spot wliich had baffled the genius, industry, and 
inquiry of both ancients and moderns, for the course of three thousand years. Kings 
had attempted this discovery at the head of armies; and (‘ludi exjiodition was distin- 
guished from the last, only by the difference of the numbers wliich had perished, and 
agreed alone in the disappointment which liad uniformly, and without (*xc(*j»lion, followed 
them all. Fame, riches, and honour, had been ludd out lor a serii^s of ages to every 
individual of those myriads thes(‘ princes eommanded, without having produced one man 
capable of gratifying the curiosity of his sovendgn, or wiping olf this slain ujion the 
enterprise and abilities of mankind, or a<lding this desideratum lor tin* encouragement of 
geography. Though a mere private Briton, 1 triunqdied here, in my own mind, over 
kings and their armies; and every comparison was leading nearer and nearer to pn^smnp- 
tion, when the place itself where I stood — the ohji'.ct of my vain-glnry — siiggi^sted what 
depressed my short-lived triumphs. I was but a few minutes arrived at the sources 
of the Nile, through numberless dangers and sufl’c.rings, the least of which would have 
overwhelmed me, but for the continual goodness and jirotection of Providenee ; J was, 
how’cver, but then half through my journey ; and all those dangers, which I liad already 
passed, awaited me again on my return. J found a despondency gaining ground fast iqion 
me, and blasting the crown of laurels 1 liad too rashly wov(;n for myself.” Bruce, how- 
ever, laboured under an error, in sujiposing the stream lie hud folio we<l to be the main 
branch of the Nile. lie lia<l traced to its springs the smaller of the two great rivers 
which contribute to form this celebrated str<‘am. The larger arm issues I’njin a more 
remote part of Africa, and has not yet been ascend<‘d to its source. 

Upon examining the map of a country, w'c see many of its rivers travelling in ojipo- 
site directions, and emptying their waters into diffiirent seas, althougli their sources fre- 
quently lie in tlie immediate nciglibourhood of ea(;h other. The springs of the Missouri 
which proceed south-east to the Gulf of Mexico, and those of tlie (kduinhia which ffow 
north-west to tlie Pacific Ocean, are only a mile apart, while those of sonic of the trilmtarics 
of the Amazon flowing north, and of the La Plata flowing south, are closely contiguous. 
There is a part of Volhynia, of no considerable extent, wdiich sends off its waters, north 
and south, to the Black and Baltic seas ; while, from the field on which the battle of Naseby 
was fought, the Avon, Trent, and Nen receive affluents, which reac^h the ocean at opposite 
coasts of the island, througli the Humber, the Wash, and the Bristol Channel. The field 
in question is an elevated piece of table-land in the centre of England. The district referred 
to, where rivers proceeding to the Baltic and the Euxine take tlicir rise, is a plateau about 
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a thousand feet above the level of the sea. The springs of the Missouri and the Columbia 
are in the Rocky Mountains ; and it is generally the case, that those parts of a country from 
which large rivers flow in contrary directions, are the most elevated sites in their respec- 
tive districts, consisting either of mountain-chains, plateaus, or high table-lands. There 
is one remarkable exception to this in European Russia, wdiere the Volga rises in a plain 
only a few hundred feet above the level of the sea, and no hills separate its waters from 
those wliich run into the Baltic. I'hc great majority of the first-class rivers commence 
from chains of mountains, because springs are there most abundant, perpetually fed by 
the melting of the snows and glaciers. They have almost invariably an easterly direction, 
the westward-l>ound streams being few in number, and of very subordinate rank. Of 
rivers flowing east, we have grand examples in the St. Lawrence, Orinoco, Amazon, 
Danube, Ganges, Amour, Yang-tse-Kiang, and Hoang IIo. The chief western streams 
are the Columbia, Tagus, Garoniui, Loire, and Neva, which are of far inferior rank to the 
former. TJie rivers running south, as the Mississippi, La Plata, Rhone, Volga, and 
Indus, are more imf>ortant, as w(*ll as those wdiicli proceed to the north, as the Rhine, 
Vistula, Nile, Irtisli, Lena and Yenisei. 1116 easterly direction of the great rivers of 
America is obviously dm*- to the jiosition of the Andes, which run north and south, on 
tin? west<*rn side of the continent, wliile the chain of mountains which traverses Europe 
and Asia, from west to east, cause the great number of rivers which flow north and south. 
In our own island, the child’ course of the streams is to the east. This is the case with 
the Tay, Forth, llveed, 'ryne, Humber, and Tliaines, the Clyde and Severn being the 
most remarkable exceptions to this direction. The whole extent of country from which 
a river receives its supjily of water, by brooks and rivulets, is termed its basin, because 
a rt'gion gmierally bounded by a rim of high lands, bt^yond which the w^aters are drained 
off into another elmnnel. The basin of a superior river includes those of all its tributary 
streams. It is sometimes the case, how^ever, that the basins of rivers are not divided by 
any elevations, but puss into each other, a connection subsisting bet>veen their waters. 
Tliis is the case with tlie hydrographical regions of the Amazon and Orinoco, the 
Cassiarjuaire, a branch of the latter, joining the Rio N(‘gro, an afUuent of the former. 
The vague rumours tliat were at first afloat respecting tliis singular circumstance, were 
treated by most geographers with discredit, till Humboldt ascertained its reality, by 
proceeding Iroiii the Rio Negro to tin* Orinoco, along the natural canal of the 
Cassimjuaire. 

Rivers have a thousand points of similarity, and of discordance. Some exhibit an 
unbroken sheet of water through tludr w hole course, while others are diversified by 
numerous islands. This peculiarly charaeterises the vast stn*ams of the American 
continent, and contributes greatly to their scenicul effect, of which our illustration gives 
us an exum])le, seh*ct<Hl from tlu* Ixaiutiful Susquehanna, the largest Atlantic river of the 
United States. The St. Law'rcnce, soon after issuing from the Lake Ontario, presents 
the most remarkable instance to be found of islands occurring in a river channel. It is 
here called the Lake of the Thousand Islands. The vast number implied in this name 
was considered a vague exaggeration, till the commissioners employed in fixing the 
boundary with the United States actually counted them, and found that they amounted 
to 1692. Tliey are of every imagimihle size, shape, and appearance ; some barely visible, 
others covering fifteen acres; hut in general their broken outline presents the most 
picturesque combinations of w'ood and rock. The navigator in steering through them 
sees an ever-changing scene, w liieh reminds an elegant w'ritcr of the Happy Islands in 
the Vision of Mirza. Somt»times lie is enclosed in a narrow channel ; then he discovers 
before him twelve openings, like so many noble rivers ; and soon after a spacious lake 
seems to surround him on every side. River-islands are due to original surface 
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The SusqueliHiiiiiu 

inequalities, but many are formed by the arrest and gradual a<u*r(qion of the alluvial 
matter brought down by the waters. 

There is great diversity in the length of rivers, the force of tlu^ir eiirrtuit, and the mass 
and complexion of their waters ; but tlieir peculiar character is obviously dependent upon 
that of the country in which they are situated. As it is the properly of water to Ibllow 
a descent, and the greatest descent that occurs in its way, the course of a riven* points 
out generally the direction in which the land deedines, and th(‘> degrecj of the dedination 
determines in part the velocity of its currejit, for the raj>idity of a str(‘,am is influenced 
both by its volume of water and the declivity of its ehanmd. Hence one river often 
pours its tide into another without causing any pereeptihle (*nlargcment of its bed, the 
additional waters being disposed of by the creation of a more, rapid curre-nt, for large 
masses of water travel with a swift and powerful imp(;tus over nearly a level surface, 
upon which smaller rivers would have only a languitl How. Jn general, the fall of the 
great streams is much less than what would be supposed from a glance at their currents. 
The rapid Rhine has only a descent of four feet ijj a mih* between SchalThausen and 
Strasburg, and of two feet between the latter jdace and Sclumckenscbautz ; and the 
mighty Amazon, whose collision with the tide of the Atlantic is of the most Iremendous 
descrijdion, falls but four yards in the last 7(K) miles of its course, or one-fourth of an 
inch in 1 { miles. In one part of its channel the Seine descends one foot in a mile ; 
the Loire between Pouilly and Briare one foot in 7o()C), and between Briare and 
Orleans one foot in 13,59G; the Ganges, only nine inches; and, for 4()0 mil<!S from 
its termination, the Paraguay has but a des(Mint of one thirty-third of an inch in the 
whole distance. The fall of rivers is very unequally distributed ; such, for instanett, as the 
difference of the Rhine below Cologne and above Strasburg. The grcatr*st lull is com- 
monly experienced at their commencement, though there are some striking exctjptions to 
this. The whole descent of the Shannon from its source in Lough Allen to the sea, a dis- 
tance of 234 miles, is 146 feet, which is stjven inches and a fnatiion in a mihj, but it falls 
97 feet in a distance of 15 miles between Kiilaloe and Lirneriek, and oecupies the remaining 
219 miles in descending 49 feet. When water has once received an iinpulse by following 
a descent, the simple pressure of the particles upon each otlier is sulheient to keep it in 



clcscontlinfi; inclinod pianos, wliicb so slnckons their sj)eo(l that they are easily diverted : 
from a right-onward diroclion hy natural ohstacles, to whieli the force of their current is 
inferior. Tlie Maaunh’r was famed in classical antiquity for its mazy course, descending 
from tlu; pastures of IMirygia, with many involutions, into the vine-clad province of the 
Carians, wliich it ilividcd truin Lydia near a plain properly called the Ma;andrian, where 
the bed was winding in a rcnnirkahlc degree. From the name of this river we have 
our word meandering, as a|)plied to erratic streams. 

This circumstance increases prodigiously the extent of their channels, and renders 
their navigation te«lious, hut the ahsenee of that velocity of the current which would make 
it ditricult is n eompensathm, while, a larger portion of the earth enjoys the benefit of j 
their waters. The soure(‘s of the ^Mississippi are only 12o() miles from its mouth, follow- ; 
ing a straiglit line, hut ,'12(K) miles, pursuing its real i)ath ; and the Forth is actually ! 
three times the lengtii of a straight line drawn from its rise to its termination. The j 
rivers which flow tljrongli flat alluvial plains frequently exhibit great sinuosities, their j 
waters returning nearly to the same point, after an extensive tour. The Moselle, after a 
curved course of seventeen returns to within a few hundred yards of the same spot; ; 

and a steamer on the IVIississippi, after a sail of twenty-five or thirty miles, is brought 
round again, almost within hail of the place where it was two or three hours before. In 
high flomls, the waters frequently force a passage through the isthmuses which are thus 
formed, converting the peninsulas into islands, and forming a nearer route for the 
navigator to pursue. By the “ grand eut off” on the Mississippi, vessels now pass from 
one point to another in half a mile, in order to accomplish which they had formerly a 
distance of twenty miles to traverse. 

Rivers receive a peculiar impress from the geological character of the districts through 
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which they flow. Those of primary or transition countries, where sudden declivities 
abound, are bold and rapid streams, with steep and high banks, and usually pure waters, 
owing to the surface not being readily abraded, generally emptying themselves by a 
single mouth which is deep and unobstructed. The streams of secondary and alluvial 
districts flow with slow but powerful current, betvreen low and gradually descending banka, 
which, being composed of soft rocks or alluvial grounds, are easily worn away by the 
waters, and hence great changes are effected in tlioir channels, and a peculiar colour is 
given to their streams by the earthy particles witli wliich they are charged. Many rivers 
have their names from this last circumstance. The Rio Negro, or Black River, which 
flows into the Amazon, is so called on account of the dark colour of its waters, which are 
of an amber hue wherever it is shallow, and dark brown wherever the depth is great. 

The names of the two great streams which unite to form tlie Nile, the Ihihr-el-Abiad, or 
White River, from the Mountains of the Moon, and the Bahr-el-Azrek, or Blue River, 
from Abyssinia, refer to the colour which they receive from the (]uantity of earth with 
which they are impregnated. The united rivers, for some distance after their junction, 
preserve their colours distinct. This is the case likewise with the Rliine and the Moselle, 
tlie St. Lawrence and the Ottawa. Tlie Upper Mississippi is a transparent stream, but 
assumes the colour of the Missouri upon joining that river, tlu' mud of which is as copious 
as tlie water can hold in suspension, and of a white soapy hue. The Ohio brings into it 
a flood of a greenish colour. The bright and dark red waters of tlu* Arkansas and Red 
River afterwards diminish the whiteness derived from the Missouri, and the volunu^of the 
Lower Mississippi bears along a tribute of veg(*tabh* soil, (•ollccted from the most distant 
quarters, and of the most various kind, — the marl of the Rocky and the clayol the Black 
I Mountains — the earth of the Alleghanics — and tlu*. red-loam wusIumI from tlu^ hills at 
the sources of the Arkansas and the Red Riv(‘r. Mr. Lyell slates that wat(*r flowing at 
the rate of three inches per second will tear up fine clay *, six inclu's per si'cond, fine sand ; 
twelve inches per second, fine gravel ; and three feet ]u*r second, stones of tlu* size of an 
egg. He remarks, likewise, that the rapidity at tlie bottom of a stream is every wher<^ less 
than in any part above it, and is greatest at the surface ; and that in the. middh*. of the 
stream the particles at the top move swifter than those at tlie sides. 'I'he. ease with 
which running water bears along large quantitii^s of sand, gravel, and jiebhles, ceases to 
surprise, when we consider that the specific gravity of rocks in water is much less than 
in air. 

It is chiefly in primary and transition countries that the rivers exhibit those sudden 
descents, which pass under the general demomination of hills, and form either cataracts - | 

or rapids. They occur in secondary regions, but more rarely, and the desirent is of a | 

more gentle description. The falls are generally found in the passage of stnuims from | 

the primitive to the other formations. Thus the line, which divides the primitive and i 

! alluvial formations on the coast of the United States, is marked by tlu*, falls or rapids of , 

' its rivers, while none occur in the alluvion below. C^ataructs are formed by the descent | | 
j of a river over a precipice which is perpendicular, or nearly so, and dejiend, for their j 
I sublimity, upon the height of the fall, and the magnitudci of the stream. Ihqiiils are pro- 
' duced by the occurrence of a steeply-inclined plane, ov(;r which the flood rushes with 
j great impetuosity, yet without being projected over a precijiicc. Ihe great rivers of 
I England — the Thames, Trent, and Severn — exhibit no exaniph! of either cataract or 
i rapid, but pursue a generally even and noiseless course ; though near tlieir sources, while 
yet mere brooks and rivulets, most of our home streams presemt these features in a very 
miniature manner. A true rapid occurs in the course of the Shannon, just above Lime- 
rick, where the river, forty feet deep, and three hundred yards wide, pours its body of 
water through and above a congregation of huge rocks and stones, extending nearly half 
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s'" 1)6^^ InglU had never heard of 

tilhi arriving in its neighbourhood; but ranks it, 

ill |pi^^ efiect, above either the Welsh waterfalls, 

IheO^ in Switzerland* The river Adige, in the 
Tjrol, near Mcran, rushes, with resistless force and 
deafening noise, down a descent nearly a mile in 
! length, between quiet, green, pastoral banka, present 
I ing one of the most magnificent spectacles to be met 
with in Europe. The celebrated cataracts of the Nile 
are, more properly speaking, rapids, as there is no 
i considerable perpendicular fall of the river 
but for a hundred miles at Wady Hafal, the 
second cataract reckoning upwards, there 
is a succession of steep descents, and a 
multitude of rocky islands, among which 
the river dashes amid clouds of foam, and 
is tossed in jKirpctual eddies. It is along 
tlie course of the American rivers how- 
ever that the most sublime and imposing 
rapids are found, rendered so by tlie 
great volumes of water contained in their 
channels. The more remarkable are 
those of the St. Lawrence, the chief of 
which, called the Coteau du Luc, the 
Cedars, the Split Hock, and the Cascades, 
occur in succession for about nine miles 
above Montreal and thojunctum of the 
Ottawa. At the rapid of St. Anno, <m 
the latter river, the more devout of the 
C'Unadian rojfaijntrs are aeeustoiued to 
land, and iin|>lore the jirotection of the 
patron saint on their perilous expedition! 
before a large cross at the village that 
bears her luune. The words of a populai 
song have familiarised Knglisli ears with this 
Iiabit of the hardy boatmen : — 

« KHintly ns tolls the vvoiiiiig chime, 

Our voices keep tune nml our oars keep lime. 

Soon ns the woods on shore look dim, 

We’ll sing at St. Ann's our parting hymn. 

How, brothers, row, the strt'um runs fast, 

Ibe Rapids are near, and the daylight’s post. 

“ Utmwa’s tide ! this trembling moon 
Shall see us float over thy surges soon. 

Saint of this green isle bear our j^rayers. 

Oh grant us cool heavens and favouring airs. 

Blow, breexea, blow, the stream runs fast. 

The lUi>i(ls are near, and the daylight’s pas 

The Kaaterskill Falls here repn-sentod arc celebrated ... 

America, for their picturesque beauty. The waters which ^ f.,,,. 
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supply them cwcades flow from two small lakes in the Catskill Mountains, on the West 
Bank the H^tflBon. The upper cascade fails one hundred and seventy-flve feet, and a 
few rods below the second pours its waters over a precipice eighty feet high, passing 
into a picturesque ravine, the banks of which rise abruptly on each side to the height of a 
thousand to flfreen hundred feet. 

In the grandeur of their cataracts, also, the American rivers far surpass those of other 
countries, though several falls on the ancient continent have a greater perpendicular height, 
and are magnificent objects. In Sweden, the Gotha falls about 130 feet at Trolhetta, the 







1 

greatest fall in Europe 
of the same body of 
water. Tlie river is the only outlet of a lake, 
a Jiuralrcd miles in length and fifty in breadth, 
which receives no fewer than twenty-four 
rivers; the water glides smoothly on, in- 
cnaising in rapidity, but quite unruffled, until 
it reaches the verge of the precipice ; it then darts 
over it in one broad sheet, which is broken by some 
jutting rocks, after a d(NScent of about forty feet. Here 
Fain of Troihrtta. hcgins a Spectacle of great grandeur. The moving mass is 

tossed from rock to rock, now heaving itself uj) in yellow 
foam, now boiling and tossing in huge eddies, growing whiter and whiter in its desfteiit, 
till, completely fretted into one beautiful sea of snowy froth, the spray, rising in dense 
clouds, hides the abyss into whieli the torrent dashes ; but wlicn momentarily cleared 
away by tlie wind, a dreadful gulf is revealed, which the eye cannot fathom. Upon the 
arrival of a visitor at Trolhetta, a log of wood is sent down the fall, by {>er8on8 who 
expect a trifle for the exhibition. It displays the resistless power of the element. The 
log, which is of gigantic dimensions, is tossed like a feather upon the surface of the water, 
and is borne to the foot almost in an instant. In S(;otland, the falls of its rivers are 
seldom of great size ; but the rocky beds over which they roar and dash in foam and spray 

the dark precipitous glens into which they rush — and the fnjqucnt wildness of the 

whole scenery around, are compensating features. The most rc'inarkable instances are 
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the Upper and Lower Fulls of Foyers, near Loch Ness. At the upper fall, the river 
precipitates itself, at three leaps, down as many precipices, whose united depth is 

about 2(k) feet ; but, at the lower, it makes a de- 
scent at once of 212 feet, and, after heavy rains-, 
exhibits a grand appearance. The fall of the 
Rhine at Schaffhausen is only 70 feet ; but the 
great mass of its waters, 450 feet in breadth, 
gives it an imposing character. The Te- 
verone, near Tivoli, a comparatively small 
'.f stream, is precipitated nearly 100 feet j 
and the Vdino, near Terni, falls 800, 

, which is generally considered the finest 
/ of the European cataracts. This " hell 

of waters,” as Byron caDs it, is of arti- 
ficial construction. A channel was dug 
by the Consul Curius Dentatus in the 
year 274 n. c., to convey the waters to 
the precipice, but having become filled 
up by a deposition of calcareous matter, 
it was widened and depened by order of 
Pope Paul IV. “ 1 saw,” says Byron, 
“ the Cascata del Marmore of Terni twice at 
difierent periods ; once from the summit of 
the precipice, and again from the valley 
Im Iow. The lower view is far to be preferred, 
if tile traveller has time for one only ; but in 
any point of view, either from above or below, 
it is wnrlli all the cascades and torrents of Switzerland 
IMit together.” 

In the Alpine highlands, the Evanson descends up- 
wards of 12(K) feet, and the Oreo forms a vertical 
cataract of 24(X) ; but in these instances the quantity of 
water is small, and the chief interest is produced by 
the height from which it falls. At Staubbach, in the 
Swiss canton of Berne, a small stream descends 1400 
feet, which is scattered ahm>sl t'ntirely into spray before it reaches the bottom. 

Waterfalls appear u}>on their gruiuh‘st scale in the American continent. They are not 
remarkahle for the height id’ tlie precipices over W'hich they descend, or for the pic- 
tun'sque forms of tlu' iMi*ky dills amid which they are precipitated, like the Alpine 
cataracts; hut while these are usually the falls of streamlets merely, those of the western 
world are the rusli of mighty riv<'rs. The majority are in the northern part of the 
continent, but the greatest vertierd descent of a considerable body of water is in the 
southern, at the Falls of 'i\‘(juendama, where the river of Funza disembogues from the 
elevated plain or valley of Santa Fe de Bogota. This valley is at a greater height above 
the level of the sea than the summit of the great St. Bernard, and is surrounded by lofty 
mountains. It appears to liave been formerly the bed of an extensive lake, whose waters 
were drained off when the narrow passage w'as forced through which the Funza river 
now descends from the elevated enclosed valley towards the bed of the Rio Magdalena. 
Respecting this physical occurrence Gonzalo Ximenes dc Quesada, the conqueror of the 
country, found the following tradition disseminated among tlie people, which probably 
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coortains a stratum of truth invested with a fabulous legend. In remote times the 
inhabitants of Bogota were barbarians, living without religion, laws, or arts. An old 
man on a certain occasion suddenly appeared among ^lem of a race unlike that of the 
natives, and having a long bushy beard. He instructed them in the arts, but he brought 
with him a malignant, although beautiful woman, who thwarted all his l>enevolent 
enterprises. By her magical power she swelled the current of the Funza, and inundated 
the valley, so that most of the inhabitants perislied, a few only having found refuge in 
the neighbouring mountains. The aged visitor then drove his consort from the earth, 
and she became the moon. He next broke the rocks that enclosed the valley on the 
Tequendama side, and by this means drained off the waters. Then he introduced the 
worship of the sun, appointed two chiefs, and finally withdrew to a valley, where he lived 
in the exercise of the most austere penitence during 2000 years. The Teqnendama 
cataract is remarkably picturesque. The river a little above it is 144 feet in breadth, 
but at the crevice it is much narrower. The height of the fall is 574 feet, and the 
column of vapour that rises from it is visible from Santa Fe at the distance of 17 miles. 
At the foot of the precipice tlie vegetation has a totally different appearance from that 
at the summit, and the traveller, following the course of the river, passes from a plain 
in which the cereal plants of Europe are cultivated, and which abounds with oaks, elms, 
and other trees resembling those of the temperate regions of the northern hemisphere, 
and enters a country covered with palms, bananas, and sugar-canes. 

In Northern America, however, we find the greatest of all cataracts, that of the Niagara, 
the sublimest object on earth, according to tin* general opinion of all travellers. More 
varied magnificence is displayed by the. tK*cnn, and giant masses of the Amies and Himalaya ; 
but no single spectacle is so striking and wonderful us the descent of this sea-like flood, 
the overplus of four extensive hikes. The river is about thirty-throe miles in length, 
extending from lake Erii? to lake Ontario, and three quarters of a mile wide at the fall. 
There is nothing in tlie neighbouring country to indicate tlie vicinity of the astonishing 
phenomenon here exliibited. Leaving out lake Eri(5, the traveller passi's over a level 
though somewhat elevahul jilain, through which the river flows tranquilly, bordered by 
fertile and beautiful banks ; but soon a de(*p awful sound, gradually growing louder, 
breaks upon the ear — tlie roar of the distant cataract. Yet the eye discerns no sign of 
the spectacle about to be diselosiMl until a mile from it, when the water begins to ripple, 
and is broken into a series of dashing and foaming rapids. After passing these, the 
river becomes more tranipnl, though rolling onwards with tremendous force, till it reaches 
the brink of the great preeipii'e. I'lie fall itself is divided into two unequal portions by the 
intervention of Goat Island, a fju/ade near 1(K)0 feet in breadth. The one on the British 
side of the river, called the Horse Shoe fall, from its shape, according to the most 
careful estimate, is 2100 feet broad, and 149 fV*.et 9 inches high. The other or American 
fall is 1140 feet broad, and 164 feet high, llie foriniir is fur superior to the latter in 
grandeur. The great body of the watiT passes over the precipice with such forci^, that 
it forms a curved sheet whieli strikes the stream below at the distance of 50 fe<!t from the 
base, and some travellers have ventured between the descending flood and the rock itself. 
Hannequin asserts that four coaches might be driven abreast through this awful chasm. 
The quantity of water rolling over these falls has been estimated at 670,250 tons per 
minute. It is impossible to a])prcciute the scene created by this immense torrent, apart 
from its site. 


“ The thoughts arc strange th^t crowd into my brain. 
While 1 look upward to thee. It would seem 
As if God pour’d thee from his hollow hand, 

And hung his bow upon thine awful front ; 
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And ipoke in that loud iroice which seem'd to him 
IVho dwelt in Patmot for his Saviour's sake, 

The sound of many waters ; and had bade 
Thy flood to chronicle the ages back, 

And notch his centuries in the eternal rocks 
Deep calleth unto deep. And what are we. 

That hear the question of that voice sublime 
Oh ! what are all the notes that ever rung 
From war's vain trumpet, by thy thundering side ? 

Yea, what is all the riot man can make, 

In his short life, to thy unceasing roar ? ^ 

And yet, Bold Babbler I what art thou to Him, 

^Vho drown'd a world, and heap'd the waters far 
Above its hjftiest mountains? — a light wave, 
lliat breaks, and whispers of its Maker's might.” 

It lias boon remarked that at Niagara, several objects composing the chief beauty of 
other celebrated waterfalls are altogether wanting. There ore no cliffs reaching to an 
extraordinary height, crowned with trees, or broken into picturesque and varied forms ; 
for, though one of the banks is wooded, the forest seenery on the whole is not imposing. 
The accompaniments, in short, rank here as nothing. There is merely the display, on a 
scale elsewhere unrivalled, of the phenomena appropriate to this class of objects. There 
is the spectacle of a falling sea, the eye tilled almost to its utmost reach by the rushing of 
mighty waters. There is the awful plunge into the abyss beneath, and the reverberation 
thence in endless lines of foam, and in numberless whirlpools and eddies ; there are clouds 
of spray that fill the whole atmosphere, amid which the most brilliant rainbows, in rapid 
succession, glitter and disappear ; above all, there is the stupendous sound, of the peculiar 
character of which all writers, with their utmost efforts, seem to have vainly attempted to 
convey an idea. Bouchette describ<*s it as “ grand, commanding, and majestic, filling the 
vault of heaven when heard in its fulness” — as “a deep, round roar, an alternation of 
muffled and open sounds, to which there is nothing exactly corresponding.” Captain Hall 
compares it to the ceaseless, rumbling, deep-monotonous sound of a vast mill, which, 
though not very political, is generally considered as approaching near to the reality. 
Dr. Reed states, “ it is not like the sea ; nor like the thunder ; nor like any thing I have 
hoard. There is no roar, no rattle ; nothing sharp or angry in its tones ; it is deep, awful, 
One.” The diffusion of the noise varies according to the state of the atmosphere and the 
direction of the wind, but it may be heard under favourable circumstances through a 
distance of forty-six miles : at Toronto, across Lake Ontario. To the geologist the 
Niagara falls have interest, on account of the movement which it is supposed has taken 
place in their position. The force of th<i waters appears to be wearing away the rock over 
which they rush, and gradually shifting the cataract higher up the river. It is conceived 
that by this process it has already receded in the course of ages through a distance of 
more than seven miles, from a jioint between Queenstown and Lewiston, to which the 
high level of the country continues. The rate of procession is fixed, according to an 
estimate, mentioned by Mr. M'Gregor, at eighteen feet during the thirty years previous 
to 1810 ; but he adds another more recent, which raises it to one hundred and fifty feet 
in fifty years. 

The fcdlowing account of a visit to the Falls of Niagara has been communic.ated by 
Mr. N. Gould. It forms a part of his unpublished on America and Canada, 

** My attention had betm kept alive, and I was all awoke to the sound of the cataract; 
but, though within a few miles, I heard nothing. A cloud hanging nearly steady over 
the forest, was pointed out to me ns the ‘ spray cloud at length we drove up to For- 
syth’s hotel, and the mighty Niagara was full in view. My first impression was that 
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of disappointment — a sour sort of deep disappointment, causing, for a few minutes, a 
kind of vacuity ; but, while I mused, 1 began to take in the grandeur of the seem*. This 
impression is not unusual on viewing objects beyond the ready eateh of the senses ; Stone- 
henge and St. Paul’s cathedral seldom excite much surprise at first sight ; the enormous 
Pyramids, I have heard travellers say, strike with awe and silence on the near ap[)roach, 
but require time to appreciate. The fact is, that the first view of Niagara is a bad one ; 
and the eye, in this situation, can comprehend but a small part of the wonderful scene. 
You look down upon the cataract instead of np to it ; the confined chanuel, and the depth 
of it, prevent the astounding roar which was anticipated; and, at the same time, the eye- 
wanders midway between the water and the cloud formed by the spray, which it sees 
not. After a quarter of an hour’s gaze, I felt a kind of fascination — a desire to find 
myself gliding into eternity in the centre of the Grand Fall, over which the bright green 
water appears to glide, like oil, without tlie least commotion. I approached nearly to 
the edge of the ‘ Table Rock,’ and looked into the abyss. A lady from Devonsliire 
had just retired from the spot; I w'as informed she had approached its very edge, 
and sat with her feet over the edge — an awful and dangerous proceeding. Having 
viewed the spot, and made myself acquainted with some of its localities, I returned 
to the hotel (Forsyth’s) which, as well as its neighbouring rival, is admirably situated 
for the view; from my chamlxir-window 1 looked directly upon it, and the first niglit 
I could find but little sleep from the noise. Every vie w I took increased my admira- 
tion ; and I began to think that the other Falls 1 had seen w'crc, in comparison, like 
runs from kettle-spouts on hot plates. I remained in this interesting neighbourhood five 
days, and saw the Fall in almost every point of view. From its extent, and the angular 
line it forms, the eye cannot embrace it all at once ; and, probably, from this cause it is 
that no drawing has ever yet done justice to it. The grandest view, in my opinion, 
is at the bottom, and close to it on the British side, where it is awful to look up 
through the spray at the immense body as it comes pouring over, deafening you witli 
its roar; the lighter spray, at a considerable distance, hangs poised in the air like 
an eternal cloud. The next best view is on the American side, to reach which you 
cross in a crazy ferry-boat : the passage is safe enough, but the current is strongly 
agitated. Its depth, us near to the falls us can be approached, is from 180 to 200 feet. 
The water, as it passes over the rock, where it is not whipped into foam, is a most 
beautiful sea-green, and it is the same at the bottom of the Falls. The foam, 
which floats away in large bodies, feels and looks like salt water after a storm : it has 
a strong fishy smell. The river, at the ferry, is 1170 feet wide. There is a great 
quantity of fish, particularly sturgeon and bass, as well as eels ; the latter creep up 
against the rock under tlie Falls, as if desirous of finding some mode of surmounting 
the heights. Some of the visiters go under the Falls, an undertaking more curious 
than pleasant. Three times did I go down to the house, and once paid for my 
guide and bathing dress, when something occurred to prevent me. The lady before 
alluded to performed the ceremony, and it is recorded, with her name, in the book, 
that she went to the furthest extent that the guides can or will proceed. It is 
described as like being under a heavy shower-bath, with a tremendous whirlwind 
driving your breath from you, and causing a peculiarly unpleasant sensation at the 
chest ; the footing over the debris being slippery, the darkness barely visible, and 
the roar almost deafening. In the passage you kick against eels, many of them unwilling 
to move, even when touched : they appear to be endeavouring to work their way up the 
stream.” 

Supposing the cataract to be receding at the rate of fifty yards in forty years, as it 
is stat^ by Captain Hall, the ravine which extends from thence to Queenstown, a dis- 
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tance of seven miles, will have required nearly ten thousand years for its excavation ; 
and, at the same rate, it will require upwards of thirty-five thousand years for the falls to 
recede to Lake Erie, a distance of twenty-five miles. The draining of the lake, which is 
not more than ten or twelve fathoms in average depth, must then take place, causing a 
tremendous deluge by the sudden escape of its waters. In addition to the gradual erosion 
of the limestone, which forms the bed of the Niagara at and above the falls, huge masses 
of the rock are occasionally detached, by the undermining of the soft shale upon which it 
rests. This effect is produced by the action of the spray powerfully thrown back upon 
the stratum of sh&le ; and hence has arisen the great hollow between the descending flood 
and the precipice. An immense fragment fell on the 28th of December, 1828, with a 
crash that shook the glass vessels in the adjoining inn, and was felt at the distance of two 
miles from the spot. By this disintegration, the angular or horse-shoe form of the great 
fall was lessened, and its grandeur heightened by the line of the torrent becoming more 
horizontal. A similar dislocation had occurred in the year 1818; and the aspect of the 
precipice is always so threatening, owing to the wearing away of the lower stratum, as to 
render it an affair of some real hazard to venture between the falling waters and the 
rock. Miss Martineau undertook the enterprise, clad in the oil-skin costume used for the 
expedition, and thus remarks concerning it : — “A hurricane blows up from the caul- 
dron ; a deluge drives at you from all parts ; and the noise of both wind and waters, 
reverberated from the cavern, is inconceivable. Our path was sometimes a wet ledge of 
rock, just broad enough to allow one person at a time to creep along : in other places we 
walked over heaps of fragments, both slippery and unstable. If all had been dry and 
quiet, I might probably have thought this path above the boiling basin dangerous, and 
have trembled to pass it ; but, amidst the hubbub of gusts and floods, it appeared so firm 
a footing, that I had no fear of slipping into the cauldron. From the moment that I 
perceived wo were actually behind the cataract, and not in a mere cloud of spray, 
the enjoyment was intense. I not only saw the watery curtain before me like tempest- 
driven snow, but, by momentary glances, could see the crystal roof of this most wonderful 
of Nature’s palaces. The precise point where the flood quitted the rock was marked by a 
gush of silvery light, which of course was brighter where the waters were shooting for- 
ward, than below, where they fell j)erpendicularly.’* There have been several hairbreadth 
escapes, and not a few fatal accidents, at Niagara, the relation of which is highly illus- 
trative of Indian magnanimity. Tradition preserves the memory of the warrior of the 
red race, who got entangled in the rapids above the falls, and, seeing his fate inevitable, 
calmly resigned himself to it, and sat singing in his canoe till buried by the torrent in 
the abyss to which it plunges. The celebrated Chateaubriand narrowly escaped a similar 
fate. On his arrival he had repaired to the fall, having the bridle of his horse twisted 
round his arm. While he was stopping to look down, a rattlesnake stirred among the 
neighbouring bushes. The horse was startled, reared, and ran back towards the abyss. 
He Qpuld not disengage his arm from the bridle ; and the horse, more and more frightened, 
dragged him tSUsr him. His fore-legs were all but off the ground ; and, squatting on the 
brink of the precipice, he was upheld merely by the bridle. He gave himself up for lost ; 
when the animal, astonished at this new danger, threw itself forward with a pirouette, 
and sprang to the distance of ten feet from the edge of the abyss. 

The erosive action of running water, which is urging the Niagara falls towards Lake 
Erie, is strikingly exhibited by several rivers which penetrate through rocks and beds of 
compact strata, and have either scooped out their own passage entirely, or widened and 
deepened original tracks and fissures in the surface, into enormous wall-sided valleys. 
The current of the Simeto — the largest Sicilian river round the base of Etna — was 
crossed by a great stream of lava about two centuries and a half ago ; but, since that era, 
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the river has con^iletely triumphed over the barrier of homogeneous hard blue rock that 
intruded into its channel, and cut a passage through it from fifty to a hundred feet 
broad, and from forty to fifty feet deep. The formation of the magnificent rock -bridge 
which overhangs the course of the Cedar creek, one of the natural wonders of Virginia, 

is very probably due in part to the sol- 
vent and abrading power of the stream. 
This sublime curiosity is 213 feet above 
the river, 60 feet wide, 90 long, and the 
thickness of the mass at the summit of 
the arch is about 40 feet. The bridge 
has a coating of earth, which gives 
growth to several large trees. To look 
down from its edge into the chasm in- 
spires a feeling answering to tlio words 
of Shak8|)eare: — 

“ Come on, sir ; here's the place ; — stand still. — 
How fearful 

And dizzy 'tis, to cast one’s eyes so low t " 

Few have resolution enough to walk to 
the parapet, in order to peep over it. 
But if the view from the top is painful 
and intolerable, that from below is 
pUiasing in an equal degree. The beauty, 
elevation, and lightness of the arch, springing as it were up to heaven, present a striking 
instance of the graceful in combination with the sublime. This great arch of rock gives 
the name of Rockbridge to the county in which it is situated, and affords a public and com- 
modious passage over a valley which cannot be crossed elsewhere for a considerable 
distance. Under the arch, thirty feet from the water, the lower part of the letters G. W. 
may be seen, carved in the rock. They arc the initials of Washington, who, when a youth, 
climbed up hither, and left this record of his adventure. Wo have several examples of 
the disappearance of rivers, and their emergence after pursuing for some distance a 
subterranean course. In these cases a barrier of solid rock, overlaying a softer stratum, 
has occurred in their path ; and the latter has been griulually worn away by the waters, 
and a passage been constructed through it. Thus the Tigris, about twenty miles from its 
source, meets with a mountainous ridge at Diglou, and, running under it, flows out at the 
opposite side. The Rhone, also, soon after coming within the French frontier, passes under 
ground for about a quarter of a mile, hiilton, in one of his juvenile poems, speaks of the 
** Sullen Mule, that runneth underneath ; ” 

and Pope calls it, after him, the 

** Sullen Mole, that hiden his diving fl(X>d.'* 

The Hamps and the Manifold, likewise — two small streams in Derbyshire — flow in 
separate subterraneous channels for several miles, and emerge within fifteen yards of each 
other in the grounds of Ham Hall. That these are really the streams which are swal- 
lowed up at points several miles distant, has been frequently proved by watching the exit 
of various light bodies that have been absorbed at the swallows. At their emergence, 
the waters of the two rivers differ in temperature about two degrees — an obvious proof 
that they do not anywhere intermingle. On the side of the hill, which is overshadowed 
with spreading trees, just above the spot where the streams break forth into daylight, 
there is a rude grotto, scooped out of the rock, in which Congreve is said to have written 
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^^Old Bachelor** and a part of his **Moitmuig Bride.** In Spun a 
' ■.• is exhibited by the Gnadiana ; but it occurs under different drcum- 

for about seren leagues — an effect of the absorbing power of the 
the intenrening space consisting of sandy and marshy grounds, across which the 
toad to Andalusia passes by a long bridge or causeway. The. river reappears with greater 
power, after its dispersion, at the Qjos de Guadiana — the Eyes of the stream. 

Many rivers are suliject to a considerable elevation of the level of their waters. This 
is periodical or irregular in its occurrence, according to the nature of the producing 
cause. Casual temporary floodings, as the effect of extraordinaiy rains, are common to 
the streams of most countries, and sometimes occasion great changes of the surface, and 
destruction of life and property. One of the most remarkable instances of this kind in 
modem times, occurred on the 4th of August, 1829, in Scotland, when the Nairn, Spey, 
and Findiiorn rose above their natural boundaries, and spread a devastating deluge over 
the surrounding country. The rain which produced this flood fell chiefly on the Monadh- ■ 
leadh Mountains, where the rivers in question have their feeders, situated between the | 
south of Loch Ness and the group of the Cairagorums. Sir Thomas Dick Lauder, in his I 
interesting account of this inundation, considers the westerly winds, which prevailed for j 
some time previously after a season of unusual heat, to have produced a gradual accumu- • 
lation of vapour, somewhere north of our island ; and the column being suddenly impelled | 
by a strong north-easterly blast, it was driven towards the south-west, till arrested in its < 
! course by the lofty mountains upon which it discharged itself in torrents perfectly unex- 
ampled. The rain fell occasionally in heavy drops, but was for the most part broken by 
the blast into extremely minute particles, so thick, that the very air itself seemed to be 
descending in one mass of water upon the earth. It deluged every house whose windows 
were exposed to the south-east. The lesser animals, the birds, and especially game of all 
kinds, were destroyed in great numbers, by the rain alone ; and the mother partridge, with 
her progeny and mate, were found chilled to death amidst the drenching wet. At Huntly 
D>dge, according to an accurate observation, between five o’clock of the morning of the 
3rd of August and the same hour of the succeeding day, there fell inches of rain, or 
about one-sixth of our annual allowance of rain descended there in twenty-four hours. 

This was at a considerable distance from the mountains — the central scene of the rain 

where its quantity must have been prodigiously greater, sufficient to account for the 
tremendous^ flood that followed, far exceeding in its rise, duration, and havoc, any other 
that ever affected the same locality. The Findhorn and Spey assumed the appearance of 
inland seas ; anti, when the former began to ebb, a fine salmon was driven ashore and 
captured, at an elevation of fifty feet above its ordinary level. Most of the rivers of the 
temperate aones are subject to these irregular floodings from the same cause, especially 
those which take their rise in high mountain regions, the St. Lawrence being the most 
remarkable exception, the level of which is not affected by either rains or drought. The 
vast lakes from which this river issues, furnish its channel with an inexhaustible supply 
of water, and present a surface too extensive to be sensibly elevated by any extraordinary 
rains. A strong westerly wind, however, will affect the level of the St. Lawrence, and 
occasion a rise of six feet in the waters to the eastern extremity of Lake Erie. An 
easterly wind also upon the Orinoco will check Hs current, elevate the upper part of the 
stream, and force its waters into the channels of its tributaries, giving them a backward 
flow, and causing them to be flooded ; and a northerly wind will drive the Baltic up the 
mouths of the Oder, and raise its level for a considerable distance. In a similar manner, 

the Neva rises when a strong wind blows from the Gulf of Finland ; and that occurrence, 

^ing place coincidently with Iiigh water and the breaking up of the ice, would create an 
inundation sufficient to drown the whole population of St. Petersburg, and convert that 



RIVEBS. 


293 


brilliaat CRpital^ with all iUr sumptuous palaces, into a chaotic mass of ruins. We 
have the materials of this statement from M. Kohl. The Gulf of Finland runs to a 
point as it approaches the mouth of the Neva, where the most violent gales are always 
those from ^e west ; so that the mas# of waters on such occasions is' always forcibly 
impelled towards the city. The islands forming the. delta of the Neva, on whicli 
St Petersburg stands, are extremely low and flat ; and the highest point in the city is 
probably not more than twelve or fourteen feet above the average level of the sea. A 
rise of fifteen feet is therefore enough to place all St Petersburg under water, and a rise 
of thirty feet is enough to drown almost every human being in the place. Hence the 
inhabitants of the capital are in constant danger of destruction at the period referred to, 
and can never be certain that the 500,000 of them may not, within the next twenty-four 
hours, be driven out of their houses, to find, in multitudes of instances, a watery grave. 
This is not a chimerical danger ; for, during its short continuance, the city of the Czar 
has experienced some formidable inundations. The only hope of this apparently doomed 
city is, that the three circumstances may never be coincident, namely, high water, the break- 
ing up of the ice, and a gale of wind from the west. It is nevertheless true, that the 
wind is very often westerly during spring, and the ice floating in the Neva and the Gulf 
of Finland is of a bulk amply sufheient to oppose a formidable obstacle to the egress of 
tlie water; so that it will not be surprising if St. Petersburg, after suddenly rising like 
a meteor from the swamps of Finland, should still more suddenly be extinguished in 
th(‘in. 

I’he periodical rise of rivers is either diurnal, semi-annual, or annual, and proceeds 
from a variety of causes. Wh(*re streams descend immetliately from mountains covered 
with snow, the heat of the sun melting the snow produces high water every day, the 
increase being the greaU;st in the hottest days. In Peru and Chili there are small rivers 
which flow only during the day, because they are fed entirely by the melting of the snow 
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upon the summit of the Andes, which takes place only when the solar influence is in 
action. In Hindustan, and some parts of Africa, rivers exist, which, though they flow 
night and day, are, from the accession of snow-water, the greatest by day. Those rivers 
also which fall into the sea have their level daily varied by the tidal wave for some 
distance from their mouths, the extent through which the influence of the tides is felt 
being modified by the breadth and 8haj)e of their channels and the force of their current. 
The wider and more direct the bed of a stream communicating with the ocean, and the 
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slower its motion, the farther the tide will penetrate ; whereas a narrow and sinuous 
course, and a great velocity, offer obstructions to its progress. The tide of the Atlantic 
is perceived four hundred miles along the course of the Amazon, and that of the German 
Ocean extends about seventy miles up the Thames. Important facilities are afforded to 
the navigation of many rivers by this circumstance, for they are only accessible to vessels 
of large burden at high water. The rapid of Richelieu, on the St. Lawrence, where the 
river contracts, and has its course obstructed by rocks, impedes the navigation between 
Montreal and Quebec, except at high tide, when the water rises fifteen or eighteen feet, 
and the rapid entirely disappears. A semi-annual or an annual rise alone distinguishes 
the rivers of inter-tropical regions and of countries bordering on the torrid zone. The 
semi-annual rise is a feature of those rivers which drain high mountain ranges, and pro- 
ceeds from the two independent causes, of the melting of the snows in spring or summer, 
and the great seasonal rains to which such districts are subject. The rivers which have 
only one annual rise are influenced by the latter cause alone, or by the two acting coin- 
cidently, and producing a grand periodical flood. The Tigris rises twice in the year — 
first, and most remarkably, in April, in consequence of the melting of the snows in the 
mountains of Armenia ; and secondly, in November, through an accession from the pe* 
riodical rains. The Mississippi likewise is subject to two rises in the year — one about 
January, occasioned by the periodical rains that fall towards the lower part of its course ; 
but the grand flood commences in March, and continues till June, proceeding from the 
melting of the ice in the upper part of the continent, where the Missouri and other tribu- 
tary streams have their origin. A very striking spectacle is exhibited by this river in 
the season of inundation. It rises from forty to fifty feet in some parts of its course, 
and is from thirty to a hundred miles wide, all overshaded with forest, except the interior 
stripe consisting of its bed. The water stands among the trees, from ten to fifteen feet 
in height, and the appearance is exactly that of a forest rising from a lake, with its 
waters in rapid motion. For the protection of the cultivated lands, and to prevent their 
conversion into permanent swamps, an embankment, called the Lessee, has been raised, 
which extends two hundred miles on the eastern shore of the river, and three hundred on 
the western. In Asia, the Ganges, Indus, and Euphrates exhibit inundations upon a 
similarly great scale. The Euphrates slightly increases in January, but the grand flood 
begins soon after the middle of March. It attains its height about the 20th of May, 
after which it falls rapidly till June. The decrease then proceeds gradually until the 
middle of November, when the stream is at its lowest. The rise of the water at Anah, 
above the site of ancient Babylon, occasionally amounts to eighteen feet, sometimes 
entering that town, running with a velocity exceeding five miles an hour. The moment 
that the waters of the river recede, the rice and grain crops are sown in the marshes, and 
villages of slightly made reed cottages are reared in their neighbourhood. These last, in 
consequence of being suffered to remain too long, are often surprised by the returning 
inundation, and it is no uncommon spectacle for their occupants to be seen following the 
floating villages in canoes, for the purpose of recovering their property. But of all 
inundations, that of the Nile, if not the most extensive, is the most regular, and has 
become the most celebrated, from the knowledge of it going back to the earliest periods 
to which history recurs. The rise of the river commences about the time of the summer 
solstice, attains its maximum height at the autumnal equinox, remains stationary for 
some days, and then gradually diminishes till the time of the winter solstice. The 
ancients, unacquainted with the climate of the interior country from which it descends, 
and not caring in general to inquire for physical causes, possessing also a very limited 
knowledge of terrestrial phenomena, deemed the annual overflow of the Nile a unique 
event, and attributed it to the special interference of a supernatural power. Lucretius, 
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however, who soared in many respects above the prejudices of his age concerning the 
natural world, assigned it to a proper cause ; though ho ascribes too much influence to 
the Etesian wind, and shows his imperfect acquaintance with the geography of the globe, 
by supposing the occurrence without a parallel. 

« The Nile now calls us, pride of Egypt’s plains ; 

Sole stream on earth its boundaries that o'erflows 
Punctual, and scatters plenty. When the year 
Now glows with perfect summer, leaps its tide 
Proud o’er the champaign ; for the north wind, now 
Tir Etesian breeze, against its mouth direct 
Blows with perpetual winnow ; every surge 
Hence loiters slow, the total current swells, 

And wave o'er wave its loftiest bank surmounts. 

For that the fix’d monsoon that now prevails 
Flows from the cold stars of the northern pole. 

None e’er can doubt ; while rolls the Nile adverse 
Full from tlie south, from realms of torrid heat, 

Haunts of the Ethiop tribes; yet far beyond 
First bubbling, distant, o’er the burning line. 

Then ocean, haply, by th’ undevious breeze 
Blown up the channel, heaves with every wave 
Heaps of high sand, and dams its wonted course ; 

MMience, narrower, too, its exit to the main. 

And with less force the tardy stream descends. 

Or, towards its fountain, ampler rains, perchance. 

Fall, as th’ Etesian fans, now wide unfurl’d. 

Ply tlie big clouds perpetual from the north 
Full o’er the red equator ; where condensed, 

Ponderous and low, against the hills they strike, 

And shed their treasures o’er the rising flood. 

Or, from the £thiop>mountains, the bright sun 
Now full matur’d with deep-dissolving ray 
May melt th’ agglomerate snows, and down the plaint 
Drive them, augmenting hence, th’ incipient stream." 

The annual overflow of the Nile is now well known to proceed from the heavy 
periodical rains within the troj)ics. They fall in copious torrents upon the great plateau 
of Abyssinia, which rises, like a fortress, 6000 feet above the burning plains with which 
it is surrounded on every side, attracting the clouds, cold fogs, and tremendous showers, 
enveloping An Rober, the capital, while, whenever the curtain of mist is withdrawn, the 
strange contrast is presented of the sulphureous plains, visible below, where the heat is 
90®, and the drought exces.sive. A peculiar character has been given to this district 
by the violence of the periodical rains. Bruce speaks of the mountains of this table- 
land, not remarkable for their height, but for their number and uncommon forms. 
“ Some of them are flat, thin, and square, in shape of a hearth-stone or slab, that 
scarce would seem to have base sufficient to resist the winds. Some are like pyramids, 
others like obelisks or prisms, and some, the most extraordinary of all, pyramids 
pitched upon their points, with their base uppermost.” Mr. Salt conflrms this delinea- 
tion in the main. The peculiar shapes referred to have been formed by the action 
of the torrents discharged from the clouds, which have, for ages, been skeletonising 
the country, dismantling the granite with its kindred masses of the softer deposits, 
gradually wearing away also these harder rocks, and carrying along the soil of Ethiopia, 
strewing it upon the valley of the Nile, to the shores of the Mediterranean. When 
Bruce was ascending Taranta, a sudden noise was heard on the heights louder than the 
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loudest thunder, and, almost directly afterwards, a river, the channel of which had been 
dry, came down in a stream several feet in depth, and as broad as the whole bed. Hence 
the steeple and obelisk form of the rocks, with their naked aspect, — which has, not 
unaptly, been compared to bones stripped of their flesh. 
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The Nile at the Pyrumlds. 




y \ ' I*' the tropical countries of South America, the sea- 

■ sonal rains are, perliaps, more intensely copious than 

^ in any other part of the torrid zone, and the floods of its 

rivers are of corresponding magnitude. At the mission 
of San Antonio de Javito, on the Orinoco, during the wet season, the sun and stars are 
seldom visible, and Humboldt was told by the padre, that it sometimes rained for four 
and five months without intermission. Tlie traveller collected there, in five hours, 21 
lines of w'atcr in height on the first of May, and 14 lines on the 3d, in three hours ; 
whereas at Paris there fall only 28 or 30 lines in as many weeks. Humboldt traces the 
transition from the one great season of drought to that of rain, which divides the year, 
in nn interesting manner, with the atmospheric phenomena which accompany the change. 
About the middle of February in the valleys of Araquo, he observed clouds forming in 
the evening, and in the beginning of March the accumulation of vesicular vapours became 
visible. “Nothing,” he remarks, in beautifully graphic style, “can equal the purity of the 
atmosphere from December to February. The sky is then constantly without clouds, and 
should one appear, it is a phenomenon that occupies all the attention of the inhabitants. 
The breeze from the east and north-east blows with violence. As it always carries with 
it air of the same temperature, the vapours cannot become visible by refrigeration. 
Towards the end of February and the beginning of March the blue of the sky is less 
intense ; the hygrometer gradually indicates greater humidity ; the stars are sometimes 
veiled by a thin stratum of vapours ; their light ceases to be tranquil and planetary ; 
and they are seen to sparkle from time to time at the height of 20° above the horizon. 
At this period the breeze diminishes in strength, and becomes less regular, being more 
frequently interrupted by dead calms. Clouds accumulate towards the south-east, 
appearing like distant mountains with distinct outlines. From time to time they are 
seen to separate from the horizon, and traverse the celestial vault with a rapidity which 
has no correspondence with the feebleness of the wind that prevails in the lower strata of 
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the air. At the end of March the southern region of the atmosphere is illuminated by 
small electric explosions, like phosphorescent gleams, confined to a single group of 
vapours. From this period the breeze shifts at intervals, and for several hours, to the 
west and south-west, affording a sure indication of the approach of the rainy season, 
which, on the Orinoco, commences about the end of April. The sky begins to be over- 
cast, its azure colour disappears, and a gray tint is uniformly diffused over it. At the 
same time the heat of the atmosphere gradually increases, and, instead of scattered 
clouds, the whole vault of the heavens is overspread with condensed vapours. Tlie 
howling monkeys begin to utter their jdaintive cries long before sunrise. The atmo- 
spheric electricity, which, during the period of the greatest drought, from December to 
March, had been almost constantly in the day-time from 1’7 to 2 lines to Volta’s electro- 
meter, becomes extremely variable after March. During whole days it appears null, and 
again, for some hours, the pith-balls of the electrometer diverge from three to four lines. 
The atmosphere, which in the torrid as in the temperate zone is generally in a state of 
positive electricity, passes alternately, in the course of eight or ten minutes, to a negative 
state. The rainy season is that of thunder-storms. The storm rises in the plains two 
hours after the sun passes through the meridian, and therefore shortly after the period of 
the maximum of the diurnal heat in the tropics. In the inland districts it is exceedingly 
rare to hear thunder at night or in the morning, nocturnal thunder-storms being peculiar 
to certain valleys of rivers which have a particular climate.” The substance of tin*, 
explanation of the preceding phenomena, by the philosophic writer of the statement, may 
be briefly given ; The season of rains and thunder in the northern equinoctial zone coincides 
with the passage of the sun through the zenith of the place, the cessation of the breezes, 
or north-east winds, and the frequency of calms, and furious currents of the atmosphere 
from the south-east and south-west, accompanied with a cloudy sky. While the breeze 
from the north-east blows, it prevents the atmosphere from being saturated with moisture. 
The hot and loaded air of the torrid zone rises, aiid flows olF again towards the poles, 
while inferior currents from these last, bringing drier and colder strata, take the place of 
the ascending columns. In this manner the humidity, being prevented from accumulating, 
passes off towards the temperate and colder regions, so that the sky is always climr. 
When the sun, entering the northern signs, rises towards the zenith, the breeze from the 
north-east softens, and at length ceases ; this being the season at which the difference of 
temperature between the tropics and the contiguous zone is least. The column of air 
resting on the equinoctial zone becomes replete with vapours, because it is no longer 
renewed by the current from the pole ; clouds form in this atmosphere, saturated and 
cooled by the effects of radiation and the dilatation of the ascending air, which increases 
its capacity for heat in proportion as it is rarefied. Electricity accumulates in the higlier 
regions, in consequence of the formation of the vesicular vapours, the precipitation of 
which is constant during the day, but generally ceases at night. The showers are more 
violent, and accompanied with electrical explosions, shortly after the maximum of the 
diurnal heat. These phenomena^continue until the sun enters the southern signs, when 
the polar current is re-established, because the difference between the heat of the equi- 
noctial and temperate regions is daily increasing. The air of the tropics being thus 
renewed, the rains cease, the vapours are dissolved, and the sky resumes its azure tint. 

The Orinoco, when in flood, inundates a vast extent of country, six hundred miles in 
length and from sixty to ninety in width. Its waters cover the savannahs along its banks 
to the depth of twelve or fourteen feet, giving to them a lake-likc appearance, in the midst 
of which farm-houses and villages arc seen rising on islands but little elevated above the 
surface. The wild cattle perisli in great numbers, and fall an easy prey to the carrion- 
vultures and alligators. In one part of the river Humboldt found marks of recent inun- 
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dation at 45 feet above the ordinary level ; but above the greatest height to which its 
waters are now elevated, he traced its ancient action at 106 or even 138 feet Is this 
river, then,” inquires he, “ the Orinoco, which appears to us so imposing and majestic, 
merely the feeble remnant of those immense currents of fresh water which, swelled by 
Alpine snows or by more abundant rains, every where shaded by dense forests, and 
destitute of tliose beaches that favour evaporation, formerly traversed the regions to the 
east of the Andes, like arms of inland seas ? What must then have been the state of 
those low countries of Guiana, which now experience the effects of annual inundations ! 
What a prodigious number of crocodiles, lamartines, and boas must have inhabited these 
vast regions, alternately converted into pools of stagnant water and arid plains ! The more 
peaceful world in which we live has succeeded to a tumultuous world. Bones of masta- 
dons and real American elephants are found dispersed over the platforms of the Andes. 
The megatherium inhabited the plains of Uruguay. By digging the earth more deeply 
in high valleys, which at the present day are unable to nourish palms or tree-ferns, we 
discover strata of coal, containing gigantic remains of monocotyledonous plants. There 
was therefore a remote period when the tribes of vegetables were differently distributed, 
when the animals were larger, the rivers wider and deeper. There stop the monuments 
of nature which we can consult.” 

The bifurcation of flowing waters is sufficiently illustrative of the physics of the earth 
to justify a few words : — Europe presents two instances of bifurcation — one in Italy, 
between the Arno and the Chiana ; the other in Germany, between the Haase and the 
Else, in Westphalia. Asia also possesses, on the peninsula lying beyond India, two grand 
examples. What we know about them is principally founded upon the information 
gathered by Dr. Buchanan Hamilton, during his stay in Ava, the capital of the Birman 
empire. But it is to be observed, that the communications of these Indian rivers, at least 
as regards those in the country of the Jun-Shan, appear doubtful. British travellers 
have succeeded in penetrating, from Maulmain, at the mouth of the river Saluan, into 
the interior of the country of the Shan, which has been so long shut up ; but Lieutenant 
M‘Leod, who reached the river of Kambodjji, says nothing to confirm the information 
Dr. Buchanan gives us. The most important of all known divisions in the form of a 
fork, however, is the bifurcation of the Orinoco, which communicates through the Cassi- 
quiare with the Rio Negro, and through this river with the Amazon. It has already been 
remarked, that the observations of A. von Humboldt have put this bifurcation beyond a 
doubt ; but the subject deserves a recurrence to it, as presenting to our attention a singular 
physical feature, and illustrating the energy of the great traveller of modem times. 

He and Bonpland left Caraccas in the year 1800, crossed the valleys of Aragua, and 
the Llanos of Calabozo — excellent pastures, which separate the cultivated part of 
Venezuela from the region of the forests and missions — and embarked at San Fernando, 
on the Rio Apurc, tc follow its course downwards to its discharge into the principal branch 
of Orinoco. They then ascended the Orinoco, passing its two great cataracts of Apures 
and hlaypures, and reached the village of San Fernahdo de Atabapo, situated at the 
junction of the Guaviare and Atabapo, and near lat. 4° N. Here they left the river, 
and sailed up the Atabapo to the mouth of the Rio Temi, which latter they followed as 
far as its confluence with the Tuamini, and arrived at the village of San Antonio de 
Javita, formerly mentioned as remarkable for its amount of rain. From this point the 
Indians carried their boat across the isthmus which separates the Tuamini from the Rio 
Pimichin, the travellers following on foot, passing through dense forests, often in danger 
from the number of snakes that infested the marshes. Embarking on the Pimichin, they 
came in four hours and a half into the Rio Negro. **The morning,” says Humboldt, “ was 
cool and beautifuL We had been conflned thirty-six days in a narrow canoe, so unsteady 




KKHJINATtON t 


.W(M||^Mak wwyw a . 


M ^ 1 * 

of ihr 

0 RIITO C O 

fLehihitinn itt Hitumition otui ‘Ua ttnuiexivn with tiu 
RIVBR AUA t O X - De^uniaf &otn Astr,uo>»aeul 
nhferraiurm In’ BAHON VON HUMBOLDT, 

PLAMOFTH* LAKt VAWVA ^*11 Of TWt WAWOyS A QCTAMqygy ; 


M<n</ w SfeWHo* tvKuAiicv 

ItxLuAii 




Ult k 


"■ \ I ;;A.liOTU*iw» Tiil«- 

>Iw<*s iudiaji!:\ t jL 

^... iv 

12 ; . 


I** AkAxTTlLMf 1 -J « 1^^ \. iMagBMk »’ 

- i 


iV't 3 


COMPABATIvr HEPAtStNTATlON or TMl FALLS or THl ORiFKKO i 
THL CASIQUIARt ANU THl RIO NCCRO I 




J S.>'rnuuiilii ri(' ^nluuio^^ 


.r>i^m JZfbHMv ahum thf Sta, 


"’•. *f!..)oji4* dr Ml 




/ INiipi iU'rs^y 

liHl‘“ A 






• n\miutk^A‘ whithitni f*\ ^n/v* .*/ r, .. ^ jIT V 

KquiiiRlMs liui"' .1 i- i 

_ k* • . ■** \ ’* VV- ' /.y \ UStm j 

U a^ nVllHIII.s ^ V Nmi'Vi^ 

MiuiivrtK Iuihnjis7i;;a?v'*'“'‘'“ 

' 5 ‘'r..--'\ lTJi. A.'M ^.. 4 «A• "11 


/(lll'l-IIVIl'iMlllTI^ 

iillliulis 


j>*\ III V 




^ :> •>>. 


^ V*|»V»*iwiM'f» Soni^Nl^r 
dri Kill NrjyA 


I I O^r hmk- <•( th- llkhi.Li JFr< .•' ' Hii/nfsiLit 
' iuut fhinf<Lini1 .ii-,yrt,il tMn.i ••/ th J^uinf 
iVntmh’matr,i 

.' Ih autft if ih' A!ii*r« .'4im>i . MjAittru ,ut,/ 

itahiff It /•Luk 

.% IK lint ihH/iiM f'Lur .4r'(/ii.«m> (A<- iWH-ntoU 
l.iftrlet if'tAf iaiinfHiotUH.r 
1 M 1\,trt . <i .t,<Liiin- yniHJA' /i>>A 

.'i lli.i.<i,-H,if\ lY.iiittnir iti' JImiirMtn f df.ftn^ni , 

(> I'lnini ,h Jumuruti' , {Inmhir linht JA> tht hi^ 
•imi I f r’(« ihimHn- 

I kikri mhik .ur .nrrwm/ li> h fiw .vuimr iff'lh 
■thaiin .uttf mAiM turthfr imitmtni fohe,t fht 

ihunr I'i .tliihifh' 

A .it th.t Th-r «Ar mir /xrr.w^ dkrtHfiA a lirntt 

ti-tyti If ,i«iA .A' 6N.fr,f wuh 

T> li,>iM,‘.< ,lf Mtiuufr.w .1 .ywr timmerh- r\kr^pm/ 
h th- I 'anhi 

lit ( ’fttui .If /lin/HifN- iriT huh kmfmm . 
II.LiMM<r.> Af*v ••r'.in fttfirtmiur .««r 
U Ih, fmhm-i if.linita Mi Jkmifv tLt.tnm/ 
UiimhiMt fhit fh- t.amw ,^'Vkr liuMmo 
,» i*r tmUi ,.iof .Viw AytOAi*- .mJ at a fAr 
ftKfcy .<f .lAxtr •/ .fr . • t4u f ifumn' »n*n ifc- 
4'«»Miirv !<*' I tuhi hathikiH ' 

UIA<rf.yr .< riiliV'A>«..>-> ttoA. .unkM mAiA 
lf« B iamkittiil Mt,f h, farmti 

htatm Mr /".( Jtn UUk* 

■ I t jpir y m R f. Antoi.1 hthuti rrtmW AnaMr.f 
. aT'aiIpm' »*«• *«wAAA Mm- at <*r JfiL>.«.in 


RErCACNCe 

Li tv /ivAkwr.fr .u.tfn thtt Mi.t liLmJ i. Mr h•u^»i^n 

himnn ■IfiUushhtiMtMiuuf fkf JkwiLt 


iltth' uu.' thi- .Imuittm m iar.-L-V'Ci'tft .-k! Af 
17 A.> /UVW.W hiM MifA mvltr 
IB M' .W<yw fir Litf-i hiM nAm- mmr 
lA Stry Mr rfAix>' ,f/ MuMi-urt timv.< .hAiiA /v«> 

• AnKf fkr piaMvi ttmarr 

M> TV ««./. 


RCrCRENCE 

‘.Ti TVrr fv ,! ftvioaf if t/urf Uin .t n’umn- hita-i-fa thr 
lU,- .Si,if‘,i .mil rh Hi,! Mn;t,-,i 
'A RmAiiI ,k tauihiinhir . mt/h u hn.lif ,f iiuHf’ifi,i /•/.int.i . | 
/,• till Ki-ihm-J ,1 tin.i lufiiUia i- mum-n ,‘l'X.tiiwtiti<Li ' 
24 in>.f>,/ii;.f f/i,i/f riuMn .';i''l,m.i tun inAitiirmHuiv j 

2ft t '.a ,- .1 .itiiiuifi.! hin.il /‘i,!, ,- .•/ tiu,Jnur.^ tnhr 

'Mi i‘niA .f l iiJitimim .i-IH’i, Hit/ r,it lilt tihyrr fU/liv j 

H-AifVi II itll.\1^ .Iff rikV)i/i,/ t,t tfu iii/i.if’iliiiit.i ' 

,’1 Mtifimr.i . I 

27 1 ufifiT.iiiifi fiiiii.iti., nil,- iuim, lit- ,111,1 ii;.i\-i- ,1 

an-.it ,Uiil ,‘l . .'rft.fi ' 

28 V..f«i.r .hrllm,, fii.,., ..f ill. ir...hr,.l 

Ou ilu.iifiiiuih\ j 

2M TV ,fiia.iniiuiiiLir «'./ .>/■ /t/.i/f./ .■/ i',i.itiHil,’ ^ 

- M> Jmr.‘ti.„it,.l ,11 M< );>, /.Sift) h fr<..fiV ,-i tk. 
Hutmuui ilr,ift 

.SI Thi- t'.tni’i tiirmiTh- .TfM.wf/ thy An- I'.iO’in ikr 
JWi^ffi irtitfii ll/far Mr iimiri* ft' Mr Aiff (rn 
(Ufin .Iff./ Mf Ir/ff I'nn.hi. 

,T2 Tinv fiumh'Ut .uui Boiiplimil hHm.i .ff.i..i fmr.* 

.inmiri^ ml.i 

•Vi Thr Jihium., if i'nvniUa uu-mUiI tkr Ith- hiihm.' 

■MfT It, finmv-j ofufT riai-kai h, thf ixmIt iV Hu- 


.% TV XfWlr lojiiiti . with Ntuk a-.itrr 
\ 57 IV oifA •» Mr LHfiifu' a- Mr (fiM/uiuri r. .ift. ff/ 

; 34r TVf phm ha timl xr *<ur.. aAtur Mh Tnr/ . V IA, 


-Vftf/T* "rP.. 



B1VER8. 


l^ye any one nsing imprudently from his teat, without 

waniiilig theroiy^^^’to preserve its bldance by leaning to the .opposite side. We had 
soffered severely '^m the stings of insects, but had withstood the insalubrity of the 
climate; we hsfft^^|«psed without accident the numerous falls mEid bars that impede the 
navigi^dB and render it more dangerous than long voyages by sea. 

Aftm: 1 ntiy be allowed to mention the shtislaction which we felt in 

hai|lti^iii£^ tributaries of the Amaaon.** The Rio Negro, which flows into that river, 
wa||wt%ated downwards as &r as San Carlos, then supposed to lie under the equator, 
2 ^ N. From thence the travellers retraced the river, i>a8eed from it 
into Casriquiare, and again entered the main channel of the Orinoco, three leagues 
below the mission of Esmeralda; thus demonstrating a junction between the two great 
floods of the Amazon and Orinoco, which had been, in the year 1798, declared by Bauche 
to be a geographical monstrosity. The bifurcation of the Orinoco takes place in the fol- 
lowing manner : — The riv^, issuing from among the mountains, reaches the opening of 
a valley or depression which terminates at the Rio Negro. Here it divides into two 
branches, the smaller, or the Cassiquiare, turning off to the south, while the main stream 
continues its original direction — west-north-west. A reference to Humboldt's taap, of 
which We give a translated copy, will render further explanation unnecessaiy. 

The preceding notices refer to what have been af^propriately Styled the ** might rivers," 
and the great rivers," none of which are to be found in Europe. Its noblest running 
waters belong to a third grade. These," mys Inglis, “ I would designate the large 
rivers ; for great and large are not entirely synonymous ; and, to most minds, the term 
great river and large river, will present a distinct image. The lower we descend in the 
scale, the more numerous do we find the species. The continent of Europe abounds with 
examples of the third class —such as the Rhine, the Danube, the Rhone, the Elbe, t|ie 
Tagus, the Ebro, and the Guadalquivir. The fourth class is still more numerous *, and 
of this class, which I would call considerable rivers, we may find examples at home. 
Father Thames takes the lead ; and the Severn, and perhaps the Trent, the Clyde, the 
Tweed, the Tyne, and the Tay, may be entitled to the same distinction. On the Continent, 
it would be easy to name a hundred such ; let me content myself with naming the Loire, 
the Meuse, the Saone, the Garonne, the Adige, and the Maine, fifthly, come the small 
rivers. Multitudinous they are ; but as examples, I may name the Wye, the Dart, the 
Derwent, the Dee, the Aire, the Spey, the Ex, and a thousand such ; while on the conti- 
nent, of the same class, may be mentioned the Gare, the Seine, the Reuss, or the Sambre. 
The word river can no longer be employed, for now come the family of streams — name- 
less, except to those who live upon their banks ; the rivulets follow ; and, lastly, we 
close the enumeration with rills." The small rivers, with the streams subordinate to 
them, are especially rife in countries where there is the vicinage of the sea, and high ele- 
vations on the land. This renders them so abundant in such districts as the Greek pen- 
insula. There, Alpine tracts of territory collect from the atmosphere the vapours of the 
condguous sea, arrest the castellated glories of cloud-land, and awaken in the valleys and 
plains the refreshing music of the voice ** of many waters." The commerce of kingdoms 
distinguishes not the rivers of this classic soil, but they are familiar with the charms of 
nature, add effect to the sublime and wild in its scenery, and clothe with heightened 
grace the soft and pastoral. Following the course of the Angitas up to its source, we 
come to one of the most picturesque sites in Macedonia, supposed to be the nymphseum 
or grotto of Onocaris. Blocks of marble, rudely piled, as if tossed together by an earth- 
quake, obstruct its entrance, which can only be passed in a crawling posture ; but these 
difficulties ueing overcome, a cave like a temple appears, from the farther end of which 
runs the limpid stream, flowing silently over a sand bed, but rippling when it escapes 
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frttai the grotto. In a recess, there are some remains of ancient masonry below an aper- 
ture, through which a mysterious light finds its way. 






Source of the Aiigitus 


oftitiMiunu 


“ Pure element of waters ! wheresoe’er 
Thou dost forsake thy subterranean haunts, 

Green herbs, bright flowers, and berry-lK*aring plants, 

Uise into life, and in thy train appear." 

Upon the largecircular valley-plain of Bmotia, the heights 
of Parnassus on the west, Helicon on the south, and 
Cilhieron on the east, send down streams, covering the 


undulating surface of this Classic Land with a life-sustaining vegetation, I 

The same phy.sieal causes — high lands and the contiguous sea — operate, in Judea as 
in Greece, to render it a well-watered country — a “land of brooks,” according to its | 
scripture designation. There are no considerable rivers, owing to the scanty extent of 
its hydrographical basins ; but the molting of the snow on the high mountains of Syria, 
and the periodical sound of an “ abundance of rain,” contribute to furnish an ample irri- 
gation. Its principal stream — the Jordan — though only one of the fifth class, and not 
remarkable for picture.s(iue beauty except in the upper part of its course, has a sacred and 
historic interest which will always strongly attract attention to it, while it exhibits a sin- 
gular physical peculiarit}'. This is the depression of the valley, in which it flows, below 
the level of the Mediterranean, through the whole distance between the Sea of Tiberias 
and the Dead Sea ; and the great inclination of its descent from the one to the other, 
amounting at a mean to very nearly eighteen feet per mile. Hence the force of its cur- 
rent, notwithstanding a comparatively small volume of water, and the few windings that 
mark its channel. Speaking of its appearance near the site of Jericho, Dr. Robinson 
states: “ There was a still though very rapid current. We estimated the breadth of the 


RIVERS. 


301 


Stream to be from eighty to one hundred feet. The guides supposed it now to be ten or 
twelve feet deep. Tlie current was so strong, that even Komeh, a stout swimmer of the 
Nile, was carried down several yards in crossing.’* Upon the authority of some pliruses 
in the English version of the Scriptures, which perhaps do not express the sense of the 
original Hebrew, it has been generally supposed that the Jordan periodically inundated 
the country in its neighbourhood, at, and for some time after, the Israelitish conquest of 
it If this were so, either the river must have worn for itself a deeper bed, or the quan- 
tity of rain in Palestine must have largely diminished, for there is now no overflow of its 
banks* At present, the “ swellings of Jordan” — one of the phrases alluded to — amount 
only to a slight annual rise. Copious rains descend upon the mountains round its sources, 
and the melting of the snows of Lebanon supply numerous temporary torrents ; but these 
contributions are received into the capacious basins of the lakes Merom and Tiberias, and 
are there spread over an extensive surface, so as to prevent the level of the river from 
rising into inundation. 

In exactly the same manner, the great Canadian lakes, prevent any rise to the St. 
Lawrence, by the immense floods tlyit rush into them in the spring spreading over their 
vast beds, and producing only an almost inappreciable elevation of their level. Lebanon, 



Natural Bridge of Ain el Leban. 


the feeder of the Jordan from its internal reservoirs, along with “ Abana and J^harpar, 
rivers of Damascus,” and the Orontes, gives birth to many rapid and brawling streams, 
and a thousand cascades, when its snows melt, which strikingly display the erosive power 
of running water. Deep passages have been cut in the rocks, bestrided by natural arches, 
like the rock-bridge of Virginia. Of this description is the natural bridge over the Ain 
el Leban, rising nearly two hundred feet above the torrent which has gradually dug the 
excavation, as annually the spring has renewed its strength. The brook flows into the 
Beyrout river, and its channel would be quite dry in summer, were it not for the impe- 
diments its mountain course presents. It was the spring season, the time of the melting 
of the snow, when the monarch of IsracJ, during his tfunporary exile from the throne, 
retreated for a refuge towards the fastnesses of I^banon. He saw the torrents falling 
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OroaeL to heiglit into the yalleys. He heard the yoicea of the waters as they leaped 
His iaagmatim oo&yerted this external seenery into a picture of 
|i|^^ heiloe the aliusion^ in the plaintiye elegiac, commemo- 

tO; the ' ^ ndise^ ' of eataracts,’* .and to ** deep calling unto . deep " 

' temiinatkm, and at ^theb .eailMMudiiire,' the. great 'nyera. 

It 1^ already been remaiked, that 'a junction of' 
often occurs without any expansion of the sur^nse of their waters being 
^^ttft^lniaeqiienoe^ but a greater y^ocity of current and depth of channeL In some cases, 
iwfteed of a wider course being created by increased ydlume of water, there is actually a 
narrower bed. Thus the Mississippi is a mile and a half wide, and ^e Missouri half a 
mile wide, at their confluence, yet ftom that point to the mouth of the Ohio, the 
medium width of the united riyers is but three quarters of a mile, and through the 
lower parts of its course the main stream has, if any thing, a less surface-breadth, though 
yast accessions are made to it by the Arkansas, Bed Biyer, and others of great depth and 
body of water. Most of the tributaries of the Mississippi also are wider a thousand miles 
apart from it than at the point of junction, and the same feature is characteristic of other 
great streams, that as they increase their yolume of water, and approach their termination, 
they flow in narrower though deeper channels. The Nile is not so broad at Cairo as at 
Siout, nor so broad at Siout as at Thebes. At Assouan, high up the stream, it is 3900 
feet wide ; at Oudi, 36 miles aboye Cairo, it is 2900 ; and at Bosetta, near its mouth, but 
1800. This is one of the many examples of benign adjustment with which the realms of 
nature teem ; for hereby, a rich legacy of fertile soil, usually found at the mouths of 
rivers, is saved from submergence, and becomes the inheritance of man. In their junction 
with the sea, rivers display the diversity of sometimes pouring forth thcir waters through 


a single mouth, and distributing 

them into a variety of channels ; 

circumstances mainly dependent 

upon the country through which 

they flow being easily susceptible of excavation or not, 

and upon the power of the stream. The Ganges pours 

its flood through the many channels here represented. 

The Volga is celebrated for its seventy mouths ; and 
the Rhine, the Nile, Mississippi, and Orinoco pour out 
their current through several branches. The space 
enclosed within these various channels is called a delta. 


from its triangular form, and general resemblance to the shape of the Greek letter A. So 
powerfully do many of the great rivers rush into the ocean, that their waters are distinct 
from those of tlie briny deep, when out of sight of the land. A British fleet lying opposite 
to the mouth of the Rhone occasionally took up fresh water at a considerable distance from 
the shore ; and Columbus found his vessel in the fresh water of the Orinoco before he dis- 


covered the continent of South America. The collision of a great river current and the 
opposing tide of the sea is sometimes so violent as to occasion an elevated ridge of 
waters, heaving and tossing in a tremendous manner, shattering to pieces the ill- 
fated vessel that comes into contact with it. The passage of the Garonne into the 
Bay of Biscay, and of the Ganges into the Bay of Bengal, exhibit this phenomenon. 
Upon the rivers meeting the advancing tides, a conflict ensues for the mastery, and 
the force of the sea triumphing in the struggle, often sends a mountain-wave up the 
streams, overturning boats, inundating the banks, and causing extensive destruction. 
The most remarkable example of this struggle for empire, between the waters of the land 
and of the deep, occurs off the mouth of the Amazon, and is the Indian pororoca. When 
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the tide flows out of the river, it pours forth its unshackled current with greater fury, 
and meeting at right angles with the ocean current that runs from Cape St. Roque along 
the north-east coast of Brazil, the shock of these two bodies raises their waters into an 
embankment, upwards of a hundred feet in hei^t. The roar of the clashing waves is 
heard for miles around, and the fishermen and mariners fly in terror from the scene till 
the strife is over, speedily to be renewed. 

In treating of the magnitude of rivers, some writers refer to the elevation of the range 
of mountains from which they descend ; and it is obviously true, that the greater the height 
of the mountains, the more extensive are their snows and glaciers, and the larger the 
supply of water furnished by springs and torrents. But the magnitude of a stream is more 
especially regulated by the extent of country which forms the declivities of its basin, 
though there is no invariable proportion here, for a small basin in a humid region will 
yield a greater quantity of water than one much more considerable in a different situation. 
High mountains, a humid climate, and a wide superficial drainage, are the three physical 
circumstances which lead to the accumulation of vast bodies of water, the magnitude of 
which will be proportionate to the degree in which these causes are in combined operation. 
Upon the surface of the New World, we have these causes acting with greater intensity 
than upon that of the Old, which explains the superior character of the streams of the 
western continent. The following exliibits the extent of the hydrographical regions of the 
principal rivers of the globe, with the proportionate quantity of their waters ; — 
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Aren of Unnin in 
EngliBh Miles. 

Proj)ortionn1 sUu of 
i.ttsill. 

Pro{}ortioiinl Qiian> 
tity of Water dU« 
chargetl AanuAlly. 

Eukope : 

Thames - 





5,500 

1 

1 

llhinc 


. 



70,000 


13 

Loire 


- 



4K,000 

4 , 

10 

Po 





27,000 

5 

6 

Elbe 





50,000 

9 

8 

Vistula - 


- 



76,000 


12 

Danube - 





.S10,(X)0 


65 

Dnieper - 


. 



200,000 

36 

36 

Don 


- 



205,000 

37 

38 

Volga - 


- 



520,000 

94 

80 

Asia : 








Euphrates 


- 



2.'J0,000 

42 

60 

Indus 


- 



4(X),{XX) 

72i 

133 

Ganges - 


- 



420,{XX) 

76 

H8 

Yang-tse-kiang 


- 



760,000 

138 

258 

Amour - 


. 



JKX),000 

16i 

166 

Lena 


_ 



y60,0(X) 

174 

125 

Obi 


- 



1,300,000 

236 

179 

AraicA : 








NUc 


. 

- 


500,000 

90 

250 

Ameeica : 








Sl Lawrence 


. 

_ 


600,000 

109 

112 

Mississippi 


. 

- 


1,368,000 

249 

338 

Rio de la Plata 


_ 

. 


1,240,000 

225 

490 

1 Amazon, not including Araguay 

- 


2.177,000 

395 

1280 


Malte Brun estimates that, representing all the waters discharged by the European 
rivers by unity, the Black Sea receives 0*273; the Caspian, 0*165; the Mediterranean, 
Sea of Marmora, and Archipelago, 0*144; the Atlantic Ocean, 0*131 ; the Baltic, 0*129; 
the North Sea, 0*110; the Arctic Frozen Ocean, 0*048. The annexed table has a cha- 
racter of universal interest, and naturally finds a place here. 
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atvMfc 

LaeSHir. 

bin. 

Dtadwiia. 

B 

Amason, 

AaiDur. 

Brahmapootnu 

Bravo Noita. 

Colorado. 

Columbia, 

Congo. 

Danube. 

Dnieper. 

Dniester. 

Don. 

Douro. 

Dwina. 

Ebro. 

El Asi, the ancient Orontes. 
Elbe. 

Euphrates. 

Forth. 

Gambia. 

Ganges. 

Garonne. 

Glomman. 

Godavery. 

Guadalquivir. 

Guadiana. 

Hoang. Ho. 

Hudson. 

Humber (Trent Branch). 
Indus. 

Irawady. 

Jaxartei, or Slhoun. 

James River. 

Jordan. 

Jumnah. 

Kisil-lrmak, the ancient 
Halys. 

Krishna, or Kistna. 

Kodos, or Sarahat, the an- 
cient Hermui. 

Kouban. 

Lawrence, St. | 

Lena. 

Loire. 

Mackonsle. 

Maeander, 

Magdalena. 

May.kuaug. 

Mehiam. 

Meuse, or Maas. 

MississinpL 

Missouri. 

Murray. 

sr- 

Obi. 

Oder. 

Orange, or Gareop. 

Orliioro. 

Oxus, or Jihoun. 

IMata, Paraguay branch. 

Po, 

Potomac. 

Hhine. 

Rhone. 

Seine. 

SenogaL 

Severn. 

Shannon. 

Susquehanah. 

1'agus. 

'J\irek. 

Thames. 

Tiber. 

Tigris. 

Vistula. 

Volga. 

Yaug-tse<Kiang. 

BraiU. 

Mongolia, 

Thibet. 

Mexico. 

North America. 
North America. 
Africa. 

Germany. 

Russia. 

Russia. 

Russia. 

Spain and Portugal. 
RuMla. 

Spain. 

Syria. 

Germany. 

Asiatic Turkey. 
Scotland. 
Senegambla. 
Hindustan. 

France. 

Norway. 

Hindustan. 

Spain. 

Spain. 

China. 

United States. 
England. 

Hindustan. 

Birman Empire. 
Turkestan. 

United States. 

Palestine. 

Hindustan. 

Asia Minor. 

Hindustan. 

Asia Minor. 

Russian Asia. 
Canada. 

Siberia. 

France. 

North America. 
Asia Minor. 

Soutli America. 
Birman Empire. 
Birman Empire. 
Holland. 

North America. 
North America. 
Australasia. 

Soudan. 

Egypt and Nubia. 

Siberia. 

Germany. 

South Africa. 

South America. 
I'urkestuii. 

Soiitli America. 
Italy. 

United States. 
Geiraany. 

France. 

France. 

Africa. 

England. 

Ireland. 

United States. 

Spsin and Portugal. 
liiisKiHu Asia. 
England. 

Italy. 

'i'urkey in Asia. 
Poland. 

Russia. 

China. 

AndM. 

Khan Ola Mountains. 

Himalaya Mountains. 

Sierra Verde. 

Unknown. 

Rocky Mountains. 

Lake Aquilunda. 

Black Forest. 

Heights of Smolensk. 

Carpathian Mountains. 

Lake Ivanhof. 

Mountains of Sovia. 

Heights of Vologda. 

Mountains of Asturias. 

East side of Anti Libanus. 

Elb-brunnen, In Bohemia. 

Mountains of Armenia. 

East side of Ben Lomond. 

Plateau of Fouta Toro. 

Bed of snow above Gangoutri, in the Himalaya. 
Valley of Aran, in Spain. 

Mountains south-east of Trondheim. 

Western Ghauts. 

Mountains on the frontiers of Murcia and Gra- 
nada. 

Pools of Ruideva in I.a Mancha. 

Koulkoun Mountains. 

Marsh near I.ake Champlain. 

Moorlands of Staffordshire. 

I.ittle Thibet, north of the Himalaya Mountains. 
Mountains cast of Assam. 

Country of the Higliland Kirghiz. 

Alleghatw Mountains. 

Mount Hermon. 

Himalaya Mountains. 

Frontiers of Sisas. 

Western Ghauts. 

Murad-tagh. 

Valley near Mount Elburz. 

River St. Louis, east of Lake Superior. 

Heights of Irkutsk. 

Mount Gcrbier, in the Cevennes. 

River Athalwsca, in the Rocky Mountains. 

West side of Central Plateau 

Andes. 

Thibet. 

Y tinnaw. 

Limburg. 

Luke Itaska. 

Rocky Mountains. 

Australian Alps. 

Ruse of Mount Loma. 

Blue Nile, in the Plateau of Abyssinia : source 
of the White Nile unknown. 

Altaian Mountains. 

Mountains of Moravia. 

Mountains N.W. of Port Natal. 

Mountains of Spanish Guiana. 

Sirt-koi, a lake in Khuuduz. 

South-west of Brazil. 

Crottian Alps. 

Great Back-bone Mountain. 

Khotian AIi»b. 

(Bacier of Mount Furca. 

Plateau of Langres. 
lleiglits near I'eembo. 

East side of Plinlimmon. 

Loch Allen. 

Lake to the South of Ontario. 

Mountains of New Castile. 

Knot of Mount Kasibcc. 

Cotswold Hills. 

East border of Tuscany. 

Mountains of Armenia. 

Austrian Silesia. 

Lake in the forest of Volhonsky. 

'Hiibet. 

Atlantic. 

Sea of Okotsk. 

Bay of Bengal. 

Gulf of MexIfX). 
Gulf of California. 
Pacific Ocean. 
Atlantic Ocean. 
Black Sea. 

Black Sea. 

Black Sea. 

Sea of Azof. 
Atlantic Ocean. 
White Sea. 
Mediterranean. 
Mediterranean Sea. 
German Ocean. 
Persian Gulf. 
German Ocean. 
Atlantic Ocean. 

Bay of Bengal. 

Bay of Biscay. 
Baltic Sea. 

Bay of Bengal. 

Gulf of Cadiz. 

Gulf of Cadiz. 
Yellow Sea. 

Bay of New York. 
German Ocean. 
Arabian Sea. 

Bay of Bengal. 

Sea of Aral. 
Chesapeake Bay. 
Dead Sea. 

Ganges. 

Black Sea. 

Bay of Bengal. 

Gulf of Smyrna. 

Black Sea. 

Atlantic Ocean. 
Arctic Ocean. 

Buy of Biscay. 
Arctic Ocean. 
Archi|)elagn. 
Caribbean Sea. 
Chinese Sea. 

Gulf of Siam. 
German Ocean. 
Gulf of Mexico. 
Gulf of Mexico. 
Encounter Bay. 
Gulf of Guinea. 
Mediterranean Sea. 

Arctic Ocean. 

Baltic Sea. 

Atlantic Ocean. 
Atlantic Ocean. 

Sea of Aral. 

Atlantic Ocean. 
Adriatic Sea. 
Chesapeake Bay. 
German Ocean. 
Mediterranean Sea. 
British Channel. 
Atlantic Ocean. 
Bristol Channel. 
Atlantic. 

Chesapeake Bay. 
Atlantic Ocean. 
Ciupion Seu. 

German Ocean. 
Mediterranean Sea. 
Persian Gulf. 

Baltic Sea. 

Caspian Sea. 

Ctiinese Sea. 

8S00 

8840 

liXW 

1850 

700 

1090 

1400 

1630 

1050 

480 

860 

455 

490 

410 

225 

770 

1360 

no 

700 

1360 

400 

400 

8.10 

280 

460 

8000 

325 

230 

1700 

1200 

1200 

500 

100 

1600 

670 

650 

190 

480 

I960 

2500 

020 

1600 

180 

840 

1700 

8.10 

520 

3200 

4500 

3000 

23(K) 

2750 

2800 

460 

1050 

1150 

13(N) 

2130 

6(H) 

4(H) 

H30 

540 

480 

9.10 

210 

220 

500 

520 

300 

240 

210 

920 

6f>0 

1900 

2700 


The first place among the rivers of the globe is due to the Amazon, if not for tlie 
length of its course, yet for the volume of its waters. It traverses the equatorial regions 
of South America, chiefly in a direction from west to east, and has its embouchure nearly 
under the equator. Its mouth was discovered in the year 1500 by Finzon, one of the 
captains who sailed with Columbus on his first voyage ; and thirty-nine years afterwards, 
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the stream Eras traced downward from Peru by Francisco Orellana, whose name was 
giren to the river by bis countrymen, to preserve the memory of his bold enterprise. 
But the Spaniard's report of having met with armed women bn its banks, deprived him 
of the honour, for it originated the common title of the river of the Amazons. Its prin- 
cipal affluents rival the largest rivers of the Eastern continent, as appears from the fol- 
lowing statement of their supposed lengths : — 


Ucayali 

. 


Miles. 

- 1350 

Topnyos 



Miles.' 
- 1000 

Yutai 

- 

- 

- 750 

Xingu • 


- 

- 1080 

Jaura - 

- 

- 

- 750 

Napo 

. 

. 

- 800 

Madeira 

- 

• 

• 1800 

llio Negro 

- 

- 

- 14(X) 


The width of the Amazon averages from one to two miles in the upper parts of its 
course, but towards its termination its opposite banks are seen with difficulty, and it 
widens to upwards of a hundred miles, which is about its breadth u[H)n joining the Atlantic. 
For two thousand miles in a direct line from the ocean, the river is navigable by vessels 
of any burden, for at the confluence of the Tunguragua and Ucayali, where the Amazon, 
properly so called, commences, no bottom was found, in March 183(), with a line of 35 
fathoms, or 210 feet. The tide rushes up its channel witli immense violence at the period 
of the full moon, in two, three, and sometimes four successive waves, each presenting a 
perpendicular front of from ten to fifteen feet. When the tide ebbs in the rainy season, 
the liberated waters of the river rush out of their channel with tremendous force, and 
create a current in the ocean, wliich is perceptible five hundnjd miles from its mouth. 

It is difficult to sound the river, owing to the rai)idity of its current, which runs commonly 
at the rate of from three to four miles an hour, — a momentum not arising from the in- 
clination of its bed, the full of which is very gradual, but from the immense quantity of 
water which descends in it. The climate of its basin is perhaps the most huuiid to which 
any country is subject. The quantity of rain which annually descends upon this region 
has not been ascertained with precision ; but taking that at the town of Maranhao ns a ! 
sample, which is not less than two hundred inches, the amount of rain poured upon the | 
district of the Amazon every year must be prodigious. The heat also is excessive through 
the whole year, the thermometer in the shade frequently rising to 106° when the sun is 
near the line, a degree of heat not much inferior to that experienced in the Sahara ; and 
as moisture and heat are the most efficient agents in promoting vegetation, hence the 
luxuriance and energy of vegetable life in the fertile soil on the banks of the river, where 
the noblest woodland scenery in the world is to be found. Notwithstanding the rapid 
current of the Amazon, its navigation is easy to vessels both descending and ascending its 
course, the ascent being facilitated by the far-penetrating tide of the Atlantic, assisted by | 
the wind, which is always blowing from the east, a direction contrary to that of the 
stream. But the effect of the presence and absence of civilisation is nowhere more 
strikingly exhibited than on the waters of the South American river, and those of its 
rivals, the Mississippi, and the Yang-tse-Kiang of the Chinese empire. The vessels 
that annually appear upon the surface of the Amazon are, probably, not more than 
those which monthly navigate the Mississippi, or daily pass along the course of the 
Yang-tse-Kiang. v 

At the head of rivers, classed according to their length, the Mississippi is to be placed, 
taking the Missouri branch, which ought to be the name of the united stream, not only 
on account of its longer course, but because it brings down a greater body of water, and 
imparts its turbid character to its rival. Geographers have, however, given the former 
name to the joint rivers, the “Father of Waters,” according to its Indian signification, 
which may be aptly applied to the great central valley of North America, famishing the 



306 


PHYSICAL GEOGEAPHY. 


following streams, which unite in the channel of the Lower Mississippi, and pour down 


through it into the Gulf of Mexico 

Milea. 

St. Peter's 



500 

Penaca, or Turkey - 



200 

Iowa 



S50 

Chacaguar 



200 

IX’K-nioines - 



600 

St. Croix 



aoo 

Chippewa 



300 

WiHC«)u.siii 



6(X) 

Ilock Uiver - 



450 

Illinois 



500 

Salt - 



250 

Missouri 



3300 

Yellowstone 



1000 

Little Missouri - 



300 

Sliicnnc - 



300 

Quieourt 



500 

Platte - 



1200 

Kansas - 



^ 800 

Osnge - 



500 

Gasconade 



300 

Jacques - 



COO 

Sioux 



500 

Grand > 



5CX) 

Chariton 



2(X) 


Kaskaskia 



Miles 

300 

Murainec 



200 

St. Francis - 



450 

White 



600 

Arkansas 



2500 

Canadian 



1000 

Neusho - 



8do 

Red River - 



2000 

Washita - 



800 

Ohio - - - 



1250 

Alleghany 



350 

Munungahela 



SOO 

Kanawha 



450 

Kentucky 



360 

Green 



SOO 

Cumberland 



600 

Tennessee 



1500 

Muskingum 



200 

Scioto - 



200 

W^aybasli 



550 

Wqdte River 



200 

Hatchy 



200 

Yazoo 


- 

300 

Rig Rluck . 

- 

- 

200 


The most beautiful tributary of the Mississippi is the Ohio, the Belle riviere of the 
early French settlers, the only large river it receives from the east No stream rolls 
for the same distance so uniformly and pcuceiully ; its banks are adorned with the largest 
sycamores, its waters clear, and studded with islands covered with the finest trees. All 
the other great tributaries flow from the west, its confluence with the Missouri, which 
enters it like a conqueror, and carries its white waves to tlie opposite shore, presenting 
one of the most extraordinary views in the world. The country around these vast 
watercourses is of the most varied description, alternately exhibiting wild rice lakes and 
swamps, limestone bluffs ami craggy hills, deep pine forests and beautiful prairies, the 
prairies showing an almost perfect level, in summer covered with a luxuriant growth of 
grass and flowers, without a tree or a bush, the only tenants of which are elks and 
buffaloes, bears and deer, and the savages that pursue them. The bluffs of the Mississippi 
are for the most part perpendicular masses of limestone, often shooting up into towers 
ttud }»innacles, presenting at a distance the aspect of the battlements and turrets of an 
ancient city. In the season of inundation below the mouth of the Ohio, the river presents 
a very striking spectacle. It sweeps along in curves or sections of circles, from six to 
twelve miles in extent, measured from point to point, and not far from the medial width 
of a mile. On a calm spring morning, and under a bright sun, this sheet of water shines 
like a masa of burnished silver, its edges being distinctly marked by a magnificent outline 
of cotton wood trees, at this time of the year of the brightest verdure, among which 
those brilliant birds of the country, the black and red bird, and the blue jay, flit to and 
fro, or wheel their flight over them, forming a scene which has all of grandeur or beauty 
that nature can furnish, to soothe or enrapture the beholder. The curvilinear course 
of the Mississippi is one of its most striking peculiarities. It meanders in uniform bends, 
which, in many instances, are described with a precision equal to that obtained by the 
point of a compass. The river sweeps round the half of a circle, and is then precipitated in 



a diagonal direction across its own channel, to another curve of the same regularity upon 
the opposite sliore. Instead of calculating distances by miles or Icngiu's, the boatmen 
and Indians estimate their progress by the number of bends which the y have passed. 
This conformation, which distinguishes most of the streams of the Mississippi valley, 
must have transpired under the operation of some law, but hitlierto no solution of the 
problem has been given which is quite satisfactory. Geological appearances indicate 
that this stream, like the Orinoco, had in former ages a much broader volume, though a 
shorter course; that, in fact, it once found its estuary not far below the present mouth 
of the Ohio, the alluvial country now stretching from thence to the south, near a thousand 
miles, being then an arm of the sea. “ No thinking mind,*’ says Flint, “ can contemplate 
this mighty and resistless wave, sweeping its proud course from point to point, curving 
round its bends tlirougli the dark forests, without a feeling of sublimity. The hundred 
shores, laved by its waters ; the long course of its tributaries, some of which are already 
the abodes of cultivation, and otluTs pursuing an iininerjse course witliout a solitary 
dwelling of civilised man on their banks ; the numerous tribes of savages that now roam 
on its borders; the alfecting and imperishable traces of generations that are gone, leaving 
no other memorial of their existence, or materials tor their history, than their tombs, that 
rise at frequent intervals along its banks ; the dim, but glorious anticipations of the 
future; — these are subjects of contemplation that cannot but associate themselves with the 
view of this river.” 

Though far inferior to these streams (»f the western world, in point (»f lengtii and 
volume, the Nile of the arndent continent may be placed at the head of remarkable rivej’s. 
One of its chief peculiarities is the solitary grandeur of its How, ibr not a single, 
atlluent enters it, from the junction of the Tacazze to the, sea, a distaiice of li'>(K) miles, a 
circumstance without a parallel in the jihysical condition of rivers. Another of its 
striking features is its long course through a desert, dry, barrmi, and hideous, depositing 
by its annual inundation, the richest soil on those portions of it which lie contiguous to 
its banks ; and hence has originated the a])t comparison of its career to the path ol‘ a good 
man amidst an evil generation. Kgypt would be completely sterile, were it not for the 
periodical overflow of its only stream, which both covers a large, part of its surface with 
a layer of alluvion, and imparts to it the requisib* moisture. 

“ nil'll king of floods! oViflows the swelling Nile — 

glad to qiiil 

The joyless desert, down the Nuhian roeks 

Trom thund’ring steep to steep, he jiours his urn, 

And Kgypt Joys heiieatli the sjireading wave.” 

It requires the river to attain a medium rise in order to benefit the country ; too little, 
involving scarcity and famine ; too much, compromising the safety of the jieoplc and their 
dwellings. AVilkinsori calls a ris(3 of* ly (mbits tolerable ; 20 good ; 21 Hufliident, whihr a 
rise of 22 cubits is abundant enough to fill every canal ; and a rise of 24 ciihits would 
overwhelm and ruin the villages. A cubit is rather more than 21 indices, ho that iii onh?r 
fully to meet the wants of the country, a p(‘rpcndicular rise of 38 feet is necessary. 'J’lie 
Nile is also distinguished among rivers for the pleasant taste and salubrity of its wut(;rs, 
when not in flood ; properties highly extolled by the ancients, and acknowledged to belong 
to it by modem travellers. It is a common saying with the Egyptians, that if Mahomet 
had tasted of its stream, he would have .sought a terrestrial immortality in order to enjoy 
it for ever. The physical circumstances of the river easily account for the possession of 
this attribute. The air above is pure and serene. liut little rain falh’ upon the country 
through which the greater part of its course is prosecuted, and no snow or hail. Hence 
there is little drainage into it from the surrounding land, Jind its waters are kept free 
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from any noxious taint derived from earths and minerals, except from those in its 
immediate channel. The same property of being remarkably pure and salutary, is 
ascribed by Herodotus to one of the Susianic rivers, of which alone, according to tradition, 
none but the kings of Persia drank. 

“ There Su*a, by ChoaspcN* amber stream. 

The drink of none but kin{|;s.” 

The Susianic streams, along with the Nile, may not improperly be styled the oldest rivers 
of the gloln;, because of their plu(‘c in its most ancient traditions and histories; and 
however subordinate to the gigantic currents of the western hemisphere, those of the 
eastern in general present higher points of interest, in their long known identification 
with the destinies of mankind. If not the actual birth-place of man, the great plains 
on the banks of the 'J’igris and tlie Euphrates were the abode of the founders of the 
diluvian race. There, tin*, two greatest cities of the ancient world, Nineveh and Babylon, 
rose into inagnilic(;n(!c There, a supf^rnatural finger traced the doom of the latter upon 
tlie palace wall of its trernhling monarch, while an exiled Jew, in the majesty of inspiration, 
gave him the interpretation of tlu^ mystic writing. There, too, the splendid empire of the 
Medes and I\?rsian.s fell a jirey to the Macedonian on the tiedd of Arbela, while, in later 
ages, th(i same neighbourhood witnessed the catastrojdie of Cunaxa, and the bold bearing 
of the indomitable, ten thousand — the defeat and death of Crassus — the retreat of Mark 
Antony — the fall of tlie apostate Julian — and the short-lived glory of Bagdad. How 
different the associations connected with the Arkansas and the Osage to those of the 
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LAKi:S. 

IU(JK or small collections of water, fresh or saline, 
and surrounded by land, are termed lakes, and have 
an aspect, upon the face of the continents, similar to 
that of islands in the ocean. They differ from re- 
servoirs in not being artificial, but natural, forma- 
tions ; and from lagoons, which are simply the 
overflowings of rivers in the season of flood, or 
portions of the sea which have encroached upon 
the hind, and been separated from the parent deep 
by the gradual accumulation of banks of sand, or 
barriere of earthy material. They differ also from 
pends, which are mere collections of rain-water in 
hollow places, generally dried up in periods of 
drought ; whereas true lakes are form^ in va- 
cuities, either by streams flowing into them from 
the surface, or by springs gushing up from their bed. 
These fluvial formations may be referred to a great 
variety of causes, the action of some being of 
tuicient, and others of comparatively modem date. It is supposed that many lakes are the 
remains of the universal ocean which once covered the earth, the waters of which have 
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retained their saltness where there was no outlet, but have lost it in otiur cases, by 
receiving constant supplies of fresh water through rivers, and continually letting off the 
salt through outlets. Owing to the subsidence of the soil, or the falling in of the roof of 
a subterranean cavity, in periods of internal convulsion, tlie superficial waters of the 
surrounding country have been drained into the hollows thus created, and aqueous expan- 
sions have been formed. Others have been caused by land avalanches, and the projec- 
tion of lava currents across streams, occurring within the memory of man ; but the great 
majority of lakes date their existence from the. time when the crust of the globe received 
its present general outline, and were produced by the waters encountering those inequali- 
ties of the surface which mark its configuration. A river, impeded in its course by 
mountainous elevations, either effects its passage by winding about their lateral extre- 
mities; or, if enclosed on all sides, it forms a lake, which, rising to a level with some 
gorge in the interposing barrier, pours its surjilus waters through it. A river, also, 
meeting with an abrupt and broad depression in the plain (►r valley which it traverses, 
fills the basin, and forms itself into a lake, the siiperiluous waters fiowing away at the 
opposite extremity. There is a striking, though in one respect insensible, relation sub- 
sisting between rivers and consid<‘rable lakes. 'J’he former visibly feed the latter ; and 
the latter no less certainly feed thi^ fornier, though in a manntu* that is not s(» apparent to 
our senses. By a process of evaporation, the lakes are <-ontinually giving ofi‘ a portion of 
their mass, which rises in the atmosphere in the form of vapmir, and again visits the 
earth in the form of rain, originating tin* springs and rills, which unite* in rivers, flow 
into the lakes, and re[)lace their wast<% Tlu*re is no machinery of nature more compli- 
cated, beautiful, nicely adjustc'd, and benign in its results than this; for bt*reby the earth 
is preserved either from j)erpetual barrenness, through want t>f moistun*; or 1‘rom submer- 
gence, through the ocean overflowing its present bounds. 

The lakes of primary r(*giori8 ani distinguished by tin*, wild and romantic e.haracter of 
their scenery, rugged preci]»ices and dark f(»rcsts usually lining their shores, and rocky 
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The Kau<tul Sleig, Switzerland. 


isIandH risin" out of tlieir bosom, which add greatly to the effect of their appearance, 
'riicy are often small, generally transparent, placid, and solitary ; and, being altogether 
without artificial embellishment, the naked grandeur of the engirdling cliffs renders them 
far more impressive than those which are enriched with towns, and ornamented with 
villas, like the lakes of Northern Italy. In Scotland, the Scandinavian peninsula, the 
Alps, and Andes, many sheets of water are found set like gems among the mountains, 
seddom visitiMl except by the flocks of wild-fowl which float undiwSturbed upon their breast, 
where the silence is rarely broken but by their cry, and the splash of the rills descending 
into their basin. At the head t)f tin* river Kandal, in the Swiss canton of Berne, there is a 
lake of this kind, formed by tlie agjj:regatcd waters of numerous springs, which pour their 
torrents from the m*ighbouring mountains. The lakes of secondary regions are charac- 
terised by the soft<*r beautic^s of the hindsca[)e, though not without bold and striking 
features. Tlie banks are gently undulatiiig, and usually adorned by cultivation. Such is 
the general aspect of the Italian, English, and Irish lakes; those of Killarney, amid tlie 
mountains of Kerry, in the sister island, being remarkable for their pictiircsqueness. 
They are thr(*e in number, mutually connected, but varying to some extent in their 
scenery. The upper lake lies in a hollow formed by some of the loftiest of the Irish 
mountains, so that its character is in the higlicst degree magnificent and sublime; but 
softness and beauty are the prevailing attributes of the two others. Their banks exhibit 
gentle swells covered with the fre.shcst verdure, with lovely islands in their waters, upon 
which are trees worthy of a primeval forest; and it is in this contrast of the mild and 
graceful with the wild and rugged, that the chief charm of the Killarney lakes consists. 
Those of alluvial districts have few external recommendations. Their shores are usually 
low and level, and their waters are often stagnant, in many cases yielding unhealthy 
exhalations from the marshes which form tlieir borders. The South Baltic coast, that 
about the mouths of the Nile and Mississippi, and the plains around the Caspian, abound 
with these lakes, which commonly partake of the saltness of the contiguous seas. 

England presents few examph^s of lakes, and none of any considerable size, though 
'Winandermere, the largest, exhibits, along with Ulswatcr, Derwent, and Coniston- 
water, many natural beauties. Tliey have indeed lK‘en preferred by some of our 
countrymen to the Swiss lakes on account of being ornamented with woody islands, in 
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wliich those of Sevoy and Switzerland are deficient ; and perhaps, apart from this, a 
physical cause may be found for the preference, in the case of passing visitors, independent 
of all national partiality. Owing to the greater transparency of the atmosphere in 
Switaeiiaad, the giant mountains east of the Lake of Geneva do not appear at first more 
elevated than the comparative dwarfs at the head of Ulswater, to an eye unaccustomed to 
so dear a medium. Hence, the first impressions of the Alps are commonly the feeblest, 
a due appredatioB of their magnitude being the fruit of acquaintance ; whereas, a denser 
atmosphere gives to our scenery fictitious features, which acquaintanceship corrects. In 
Scothind the lakes are more numerous and important, the superficial dimensions of each 
of the following twenty-four exceeding the area of Winandermere. 


Loch Lomond - 

. 


Sq. Miles. 

- 45 

Loch Ericht 



Sq. Mllei. 
- 10 

Awe 

. 


- 30 

Earn 



- 9 

Ness - 



- 30 

Naver 



- 9 

Shin 



- 2.5 

Stennis 



- 8 

Marec 



- 24 

llannoeh - 



8 

T«y 



- 20 

lA‘vcn 



- 7 

Arkeig 



. IS 

Fuir 



- 6 

Shiel 



. 16 

I.ydoch 



- 6 

Luchy 




Ken 



6 

I^ggan 

- 


- 12 

Loyal 


- 

- 6 

Morier 

- 


- 12 

(ilaa 


- 

- 5 

Funnich 

- 


- 10 

Kutteriii - 

- 

- 

- 5 


j In Ireland they arc still more considerable, Lon")i Nen"li, in the centre of Ulsl(*r, 

1 being the largest lake in the United Kingdom, more, than three limes tlie sizt^ of Locli 
; Lomond, having a siij>erti(!ial <‘\tent of nearly 1()(),(KK) acres. The total snperiieial area 
I of the Irish Lakes is supposed to amount to 4t3o,d99 imperial aeres. 


The annexed table 

r.adoga, Russia 

gives 

the extent of the principal European lakes. 

Sq. Milcfe. 

- 6330 1 Ilmen, Russia - 


S.|. Mi 
- 27.5 

Oiiogu, ditto > 

- 


- 32 BO 

Lexa, ditto 


- 223 

Woncr, Sweden 

- 

- 

- 2136 

IJIea, Finland - 


223 

Salmas, Finland 

- 

- 

. 1602 

Garda, Italy 


- 1S3 

PeipousK, Uussia 


- 

833 

IVIaggiore, ditto 


- 1.52 

Wetter, Sweden 

- 

- 

K.39 

Nesi, Finland - 


- 1.52 

Madar, ditto 

- 

- 

- 763 

llahiton, Hungary 


- 1 .52 

Enarn, Lapland 

- 

- 

6.56 

Neuleliatel, Switzerland 

- 

- Ill 

Kuopio, Finland 

- 

- 

610 

Lake of the Four Cantons, <1 

it to 

33 

Geneva, Switr.erland 

- 

- 

3;i6 

/iirieh, ditto 

- 

111 

Constance, ditto 

- 

- 

- 2‘iO 

Rielo, Osero, Russia 

- 

.53 


The largest lake in the world, the Caspian, is geographically situated holli in Kinope 
I and Asia, but is commonly classed with the physical l‘eatur(‘s of th<i latter eonnliy, end : 
styled a sea from its size and saltness. Measured according to its curvilinear shape, in ' 
the middle of its breadth, it exceeds 900 miles in length, with an average width of 
and has an area of nearly 160,000 scpian; inih*s. The ri(;xt in extent, that of Aral, has, ; 
with the Caspian, recidved the denomination of an inland 8(*a, and is netirly a fourth pjirt | 

! of its size. The Lake Baikal, in Siberia, has a eomputed area of 20, (KK) srpjare miles, | 

I and, both in central and western Asia, there are large expansfts of nearly e(pjal extent, j 
; In Africa, lagoons occur along the coasts ; small briny i»ools, also, are eoinmon in the i 
; deserts; but the interior is a great mass of solid land, seldom broken by either rivers or | 
lakes. The chief of the latter, and the best known, is that of Deinhia, n(!arly eentrieal j 
in Abyssinia, measuring, in Bruce’s map, 65 miles in its greatest length. The Tchad is 
j larger still, but we are only very imperfectly acquainted with it. It lies in the Negro 

X 4 
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land of the Arabs, in 15® E. long., and 13® Sif N.lat., and is supposed to be about 200 
miles long, and 150 broad. The northern part of the western world is pre-eminently 
the country of lakes, presfmting the largest masses of fresh water to be found upon the 
surface of the globe. The following statement shows the area of the principal : — 


Lake Siiprrior 

. 

Kq. 

- 40.(XX) 

Winnipeg 

Sq. Milei. 

- 9,000 

Huron 

. 

- S.'j.OOO 

Athubajica • 

. S,000 

Michigan 

- 

- 25,000 

Great Slave l^ake 

- 12/XX) 

Erie 

. 

- 11,000 

Great Bear Lake 

- 8,000 

Ontario 

- 

- J0,(X)0 

Champlain - 

500 

In South America, the 

Lake of Titicaca, 

in Upper Peru, covers 

a surface of about 


4000 s('|Uiire miles; and immense swampy plains and lagoons are common along the 
course of the rivers. 


Lakes are sometimes considered under the two divisions of fresh and salt water, but 
! there are many occupying intermediate stations with reference to these extremes. We 
: shall follow another arrangement of them, into four classes, which will more fully 
i embrace their physical conditions, and tlien notice some remarkable phenomena, by 
i which several are distinguished. 

j 1. There is a class which have no apparent affluents or outlets. They are fed chiefly 
i by subaqueous springs, and occur frequently in hollows, which have the appearance of 
(fxtinet volcanic craters. They are generally small, but of more stable character than the 
larger sluuds of water formed by rivers. Not receiving any great superficial current, 
they are not subject to those changes of their depth and outline, which take place in the 
lakes with uflluents, through deposition of the mud and sand brought into them by turbid 
torrents. Collections of water of a similar kind abound in the great steppes of northern 
and western Asia. They are called lakes, but perhaps more properly pools, being 
formed of accumulated rains and melted snow, which are largely, and in some cases 
♦•ntircly, evaporated by the- sumnuT heat, though se>'(!ral have a circumference of from ten 
to twelve miles, and a depth of six (»r seven feet. Their waters arc commonly saline, and 
what is most nnnarkahlc, and hitherto um^xplained, sheets of fresh water are found in 
j tli(»ir iinniediate vicinity. The most considcruhle example of this class is the Lake of 
I Tuzln, which lies northward of the great range of Taurus, on the high central plateau of 
I the Lesser Asia, 'riiough narrow, it extends fifty miles in length, and is so extremely 
! salt, that no lisli or n<pmtie animal can live in it. Even the wild fowls are afraid to 
j venture' upi>u its water.s, for by so doing their wings become stiff with a thick coating of ! 
I salt, and any suhstunee thrown into them speedily receives a saline incrustation. Strabo, | 
I the geographer of aiitiepiity, a native of the peninsula, was personally acquainted with | 

! this lake’, and mentions tliesi’ edrcumstances, the accuracy of which, modern travel has | 
I confirmed. Tlu? Sultan !Munid 1V^ made a causeway across it, upon the occasion of j 
[ marching his army to the attae-k e>f llagdael, for, owing to excessive evaporation during j 
I the summer and aiituiim heats, the lake is extremely shallow. The remains of tliis i 
: euiusewny are now almost e’oneealed by a saline encasement, and a thick crust of solid salt i 
; oeivcrs the IkhI of the lake*. j 

2. Another class have oiitb ts, but no apparent affluents. These lakes usually occupy | 
: a high elevation above the level of the sea, and derive their supplies from subterranean ; 

■ springs. One on Monte Rotondo, in the island of Corsica, is at the height of 9000 feet. | 

They arc not inconsiderable in numl>er, and ore frequently the sources of important 
rivers. The course of the great Volga may be traced up to a lake of this kind, but which ! 
is only slightly elevated above the sea-level. j 

3. A third class receive affluents, hut have no outlets. Lakes of this description are ; 
exceedingly rare, but tliey are the most peculiar of all. That of Celuno in Italy,. tlm ! 
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ancient Fucinus, exliibits a superficial ex- 
tent of 100 square miles, and lias no natural 
outlet for its waters through the hills by 
which it is surrounded. Owing to its ris<^ 
in former times, an immense tract of excel- 
lent land was lost, and the Roman semate 
was petitioned to drain it, a scheme which 
Julius Caesar is said to have contemplated. 

For effecting this purpose a tunnel three 
miles long, through one of its mountain 
boundaries, was formed by the Kinperor 
Claudius; and the younger IMiny rclativs 
the barbarous ceremony of its opening. 

During the space of eleven years, thirty 
thousand men were employed in digging the 
passage, and when everything was ready for 
letting off the water, a naval spectacle, was 
exhibited upon it. A great number of con- 
demned criminals were ranged in separate 
fleets, obliged to engage in earnest, and to destroy on(^ another for the cntertainnirmt 
of the court, and the multitude of spectators who covered tlie. liills. A limi of well- 
armed vessels and rafts, loaded with soldiers, surrounded the scene, of notion, in onh-r 
to prevent any of the victims from escaping. IMiriy statcis, however, that when this 
savage diversion was ended, and the op(*ratioiis for opening the tunnel eomine.need, 
the emperor w'as very near being swept away and drowned, hy tlie sudden rush of the 
waters towards the vent. The tunnel was speedily elioked up, and the Cehino lake 
rose so much ns to cover ten thousand acres of fertile soil, wlien it was again re-opened, 
and other hydraulic means adopted to keep the waters to a low l(;vel. J..akcR of this 
description, without any outward current, though continually receiving large streams, 
are principally found in Asia, and are for the most part salt. Such is the great Lake 
of Urameah on the Persian frontier, w'hich, according to Colonel Kinneir, is three 
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hundred miles in droumference, and is land-locked amid the picturesque mountains and 
valleys of Azerhijan. Though constantly fed by numerous currents, it has no outlet ; yet 
there is no increase of its waters, but a gradual diminution, the waste through evapora- 
tion being greater than the supply. The lake is intensely salt, as appears from the depo- 
sitions left upon the beach. For some distance from the brink, a perfect pavement of the 
solid mineral may be seen under the shallows. A village is pointed out as having once 
overhung its waters, which is now separated from them by a strand covered with salt, a 
quarter of a mile broad. Beyond a chain of hills to the north-west lies another example, 
the Lake Van of Armenia, so celebrated for its beauty by the eastern writers, both in 
prose and verse. It occupies the bottom of a volcanic amphitheatre, is upwards of 240 
miles in circumference, and receives the waters of eight rivers without sending oiF any 
stream. 







Tlic Dfiul Sen. 

By far the most remarkable instances of this 
class of lakes arc the C’aspian, the Sea of Aral, 
and the Dead Sea. U’lie majestic volume 'of 
the Volga pours into the former, with the Ih-ul, 
the Kur, and the Arus ; yet, notwithstanding 
th<*sc great constant accessions, the Caspian 
dispenses no surplus waters through any outlet 
into the adjacent districts. It was once deemed a |H’r- 
plexing problem, how the contributions of its rivers w ere 
divsposed of ; but the evaporation from so vast an expanse during the heat of summer 
must be enormous, fully adequate not only to prevent any jicrmanent rise of its level, but 
gradually to diminish it. The sea of Aral likewise, to the eastward, exhibits the same 
pcTuliarity. It received the Jaxartes and Oxus of the ancient geographers, now the 
Sihoun and Amou, but no stream issues from its banks. Both these bodies of water are 
salt, and abound with marine j>roduetions. All the varieties of sea animals are common to 
them that are found in the Black Sea, except those transient visitors which arrive in the 
latter for the purpose of spawning ; and hence it has been conceived probable that both 
were once connected, forming a branch of the main ocean — an extension of the Euxine. 
The separation of the thr(*c, if ever they w'ere united, may have arisen from the depo- 
sition of the alluvial conveyed in the course of ages by the Volga and the Don, together 
with the subterranean action of elastic fluids which belong to this volcanic territory. 
Ihe Dead Sea, in tlie south of Palestine, called also by the Latin geographers Locus 
Asphaltitcs, and by the Arabs Balir Lout, or Lot’s Sea, though very insignificant in size, 
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when compared with the former, has greater historical and physical interest. It receives 
that venerated stream, the Jordan, and flows over the presumed site of judgmeut-striekeii 
cities, while its waters have a peculiar character, owing to their holding salts in excess. 
The general breadth of the lake, which is very uniform, is estimated by a recent and 
careful survey at about nine geographical miles, and the length at thirty~nine ; but the 
length appears to vary two or three miles in difteront years, or seasons of the year, 
according as the water extends more or less upon the flats at its southern extremity. 
During the rainy season, the influx derived from the Jordan and other .streams is suf- 
ficiently copious to raise the level ten or lifteen feet, which is gradually lowered by 
evaporation under the burning heat of an unclouded sun in summer and autumn. Irby 
and Mangles speak of observing the eflt‘c.t of the evaporation arising from it, in broad 
transparent columns of vapour, not unlike water-spouts in appearance, but very much 
larger. The lake lies in a deep cauldron, surroundcHl by lofty clilVs of naked lime.‘<tom‘ 
rock, the western range running up to the ludglit of 15(K) feet above the water, ami the 
eastern to 2.500. Sterility and death-like .solitude prevail upon its shores, nor is it sur- 
prising, considering its dreary asp(*et, the tremendous cataslroplie of the cities once 
associated with it, and the natur<^ of its waters, that such wild stori{‘s should have been 
so long current respecting this jiool. ♦losephus, after speaking of tin? eonlhigration of tlie 
plain, remarks, that “ then'i are still to be semi a.shes re-produeed in the fruits; whieh, 
indeed, resemble edible fruits in colour, but on being plucked with the liaiids are dis- 
solved into smoke and ashes.” These arc the far-fam(*d ap[di*s 

“ uliii-li ^ri*w 

Near that bituminous bike where Soiloin stood," 

but which, stripped of the inarvidlous, are the ’(bsher of the Arabs. This fruit cxitUMially 
re.semblca an apple or orange, but is lilled chiefly with air, and bursts upon jiressurti. 

: So far, however, from being jiee.uliar to this region, it is found in great abundanee in tlu‘ 
Arabian peninsula, and along the valley of the Nile. In July, ISIlo, llui Dead Sea was 
surveyed for the first time in a boat by Mr. (ki.stigan, an Irislinmn, with a Maltc.scj sailor 
as bi.s servant, but who died soon after eompbding its tour. Mr. Stepliens was inforimul 
by the servant, whom be found at Ib*yrout, that they bad moved in a zig-zug direction, 

' crossing the lake several times; that every day they sounded fretiuently with a line, of 
I 17d brachia, each about 6 feet ; that they found the bottom rocky, and of very uncMpuil 
depth, sometimes ranging 30, 40, 80, and 20 Imiehia, all witliiii a few boats’ length ; that 
sometimes the lead brought up sand, like tliut of the neiglibouring mountains; that they 
failed but once to find the bottom, and in that place tb(;re were large, bubbles all around 
for thirty paces, rising probably Irorn a spring ; that in four different jilaees they foiiml 
; ruins, and could clearly distinguish large hewn stones, which .seemed to have been irscd 
! for buildings; that at the .south end of the lake a long tongue of high land projects into 
■ the water, and is composed of solid salt, wbiidi has at a distance the appearance, of an 
' island, the extremity being higher than the istbnius. I'be lake was again surveyed in a 
Imat in March, 1837, by Me.ssrs. Moore and IJeke, who found its dejitli in some, pluei^s 
! 1800 feet. The aspect of the Mare Mortuum — the deep mountain ravine in wliieli it 
! rolls — the wilderness around — the silence, solitude., and infertility of the district — to- 
; gether with the remembrance of ancient disaster, make a deep impression ujjom the mind 
I of the visitor, and explain the tales of the ignorant and enthusiastic; jiilgrims of a former 
I age, who transformed the howling of the wind uj)on its surface into the cry of guilty 
' spirits haunting its recesses. “ The viciw of this evening,” says Dr. Itobinson, “ from 
our lofty encampment was most romantic. The whole Dead Sea lay before us. Tlie 
full moon rose in splendour over tlie eastern mountains, and poured a flood of silvery 
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light into the deep, dark chasm below, illuminating the calm surface of tlie sluggish 
waters. All was still as the silence of the grave. Our Arabs were sleeping round us on 
the ground ; only the tall pensive figure of the sheikh was seen sitting before the door of 
our tent, his eyes fixed intently upon us as we wrote.” 

The waters of the Dead Sea are intolerably salt, bitter and nauseous to the taste, so 
pungent that the eyes smart severely after bathing in them, and extremely buoyant. 
“ Two of us,” says the traveller just quoted, “ bathed in the sea ; and although 1 could 
never swim before, either in fresh or salt water, yet here I could sit, lie, or swim in the 
water, without difficulty.” The following are the analyses of Dr. Marcet in 1807 ; of 
Professor Gmelin of Tubingen in 1826; and of Dr. Apjohn of Dublin in 1839. The 
water analysed by the latter was taken from a point just below the mouth of the Jordan, 
after the rainy season, and hence the smaller proportion of salts, and the less specific 
gravity, presented by his analysis. 


MAatKr. 


APJtdiN, 


S|MclSc grtivlty .... 

liill 

Specific gravity 

- 

1*212 

i*ir»3 

Boiling 
point. 
221^' Fah. 

If of limp (chlfirldc of cniriitm ) 

tnafniPNin (chUtriiip <ir imif'nptlum) 
■fida (chlorldo of ludiiiin) 
of lime .... 

- JO-2-lfi 

Chloride of calcium 

magnpiitim 
Bromide of tnagneiiiim 
Chloride of potasiiium 


3*2141 

11*7734 

0*43y3 

l'073S 

7*0777 

0*2117 

0*0896 

0*0075 

0*0587 

8*4.18 

7*370 

0*201 

(rH.V2 

Water . • • . . 

24-fiHO 
- 7.V4‘iO 

1(10 

meugHneie 
aluminum 
ammonium 
SulphAte of lime 


0*005 

0^5 




Water 

. 

3S 

II 

18*780 

81*220 


1 




100 

100 


1 



___ 


' 



There appears to be no animal or vegetable life in this supersalt sea, and the water-fowl 
are not attracted to its surface, owing to the absence <>f their customary food. “I dis- 
mounted,” says Seitzen, ‘‘and followed for a time the shore of the sea, to look for 
conchylia and sea-plants, but found none of either. And as fish live upon these, it might 
naturally be expected that no tenants of the waters would exist here ; and this is con- 
firmed by the cx|>erience of all whom I have inquired of, and who could know about it. 
Snails and muscles I Imve not found in the lake ; some that I picked up on the shore 
were land snails.” It is not improbable, however, that the Jordan, when swollen by 
the rains, may carry down fish into the lake, or they may voluntarily forsake the river- 
current ; but, ns the naturalist Schubert remarks, “ they soon pay for this love of 
wandering with their lives;” and hence small dead fishes are often picked up, which the 
waves have thrown upon the strand. 

The most remarkable of all the characteristics of the Mare Mortuum, is the depression 
of its level below that of the Mediterranean. There is no doubt respecting this fact, 
though estimates vary as the depth of the depression. From several observations on the 
temperature of boiling water, and by the barometer, Messrs. Moore and Beke inferred 
its surface to be 500 feet btdow the level of the ocean. Professor Schubert concluded it 
to be 600 feet ; but M. M. Uussegger and Bertou, in 1838, made the depression extend to 
the enormous amount of 1400 fei^t. The preceding measurements were barometrical; 
but Lieutenant Symoiids of the royal engineers lias since surveyed the country inter- 
vening between the two seas, and trigonometrically ascertained the level of the Dead Sea 
to be 1337 feet below that of the Mediterranean. He proceeded from level to level by 
two different routes, and the results of each differ by merely an insignificant fraction, so 
that the question may now be said to l>e decided wdth exactness. A similar extraordinary 
circumstance characterises the Caspian and the Sea of Aral, and extends far into the 
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interior of the continent, stretching northward to Orenberg on the Ural river, which is 
500 versts, or about 335 miles, in a direct line from the shores of the Caspian. The 
surface of the latter has been found, by levelling across the isthmus, to be about 81 feet 
below that of the Black Sea. Humboldt considers the depression of this part of the 
continent to have an intimate connexion with the upheaving of the Caucasian mountains, 
of the elevated plain of Persia, and perhaps, more to the eastward, with the elevation of 
the great mass of land which is designated by the vague and incorrect name of the 
central plain of Asia. These are the more recondite speculations of geology, in favour of 
which a strong probability pleads. In the desert east of the gulf of Tajuro, at the mouth 
of the Red Sea, one of the hottest and most detestable corners of the globe, a lake has 
recently become known to European geographers, the Bahr Assal, which is marked by 
the feature we are noticing. It is about six or seven miles long, and partially fills a 
deep hollow in a country of volcanic formation, being 570 feet below the level of the 
neighbouring sea, from which it is divided by a belt about six miles across. The waters 
are extremely salt, and are constantly receding by evaporation under the action of the 
intense heat, for when tlie Bntish mission to Shoa had a day’s bivouac in this terrestrial 
pandemonium, the mercury in the thermometer stood at 126°. The depression of the 
level of this lake is thus conjecturally, but in a natural and simple manner, accounted for 
by M. Rochet d’Hericourt. The depth of the innermost basin of the gulf of Tajura is 
not less than 600 feet, or 120 feet below the surface of the salt lake. He supposes the 
lake to have been anciently a part of the gulf, and to have been dyked off from it by 
volcanic action. Receiving no fresh water, except after rains, it has been gradually 
diminished by evaporation, and five hundred cubic feet of depth may be supposed to have 
been lost since the upheaving took place. According to this conjecture, the bed of the 
lake and of the adjacent sea are on the same level, but the surface of the lake has been 
reduced below that of the sea, in the lapse of years, by the evaporation of a torrid climate, 
acting without sufiicient compensation* 

In striking contrast with the depression of these lakes, is the height of others in the 
following table, which exhibits remarkable variations. 


Killarney, Ireland 



Fvet above 
the Level 
of the Sea. 
50 

Michigan, North America • 

Feet above 
the Level 
of the 

- 594 

Neagh, ditto 

• 

. 

48 

Nicaragua, Central America - 

. 134 

Corrib, ditto 


- 

• 16 

Titicaca, Peru 

• 18,000 

Erne, ditto 


- 

- 140 

Constance, SwiUerland 

. ISO 

Derg, ditto 



- 98 

Geneva, Switserland 

. 1152 

Allen, ditto 



- 160 

Neufch&tel, ditto • • 

- 1487 

Skene, Scotland 



. 1300 

Lucerne, ditto • 

. 1320 

Wetter, Sweden 



- 288 

Annecy, ditto 

. 1460 

Wener, ditto 



144 

Zurich, ditto 

- 1279 

Strand, Norway 



- 1137 

Maggiore, Italy 

. 640 

Miose Vand, ditto 



- 1576 

Como, ditto 

• 650 

Oretund ditto 



- 2400 

Isco, ditto 

- 630 

Superior, North America 


- 623 

Garda, ditto 

- 256 

Huron, ditto 



- 591 

Albano, ditto 

• 919 

Erie, ditto 



- 565 

Nemi, ditto 

- 1022 

Onurio, ditto 

- 

- 

• 234 

Van, Armenia • 

- 5467 

. The last class 

of lakes 

have both affluents and outlets. These are the most 


numerous. They are sometimes formed by a number of streams flowing into a central 
basin, from whence the superabundant waters escape by one principal outlet, or they 
occur in the channel of a great river, and are the receptacles of its waters, which re-issue 
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f Sttch are Hie principal lakes of Switzeriaod, 

Ladoga and t>nega in Bassia, and the Lake Baikal 
The latter is the H0I7 Sea of the Bossians, the largest body of fresh 
Uvalec* Ott the eastern continent, and the largest of all mountain lakes. It lies embosomed 
in the ranges which form part of the northern rampart, of the high central table-land 
of Asia, and is supposed to be not less than 1200 miles in circumference, occupying 
a space more than equal to the half of Scotland. Its principal tributary, among upwards 
of 160, is the Selinga, from the south, which has a course of 700 miles, and drains a 
country not inferior in extent to the whole of Great Britain ; and through a narrow 
and deep crevice in the mountains on the north-west it discharges its surplus waters 
by the I-ower Angura, which joins the Yenesei, and is conducted to the Arctic Ocean. 
Naturalists have been unable to account for the existence of the salmon, the seal, and 
a kind of sponge, in the fresh water of the Baikal, otherwise than by supposing that 
in some remote age it was connected with the northern sea. To the same class the 
large inland seas of Canada belong, which form a chain of magnificent fresh-water 
expanses, upon the smallest of which frigates of the first magnitude have sailed, war 
been waged, and whose surface is tempest-tost like the ocean. The river St. Louis 
enters Lake Superior, the first of the chain in point of size, or reckoning from the 
west, besides an immense number of nameless streams from the surrounding country, 
where dense woods and long-continued frosts prevent eva[)oration from carrying off 
any large quantity of the superficial waters. The surplus tide of Lake Superior, 
wliich has a circumference of 1750 miles, passes by river channels into the Huron, 
Erie, and Ontario Lakes, which, together with Lake Michigan, form one of the most 
important inland water-communications of the globe. Scarcely inferior to these in 
size are the lakes to the north, which occupy the fur countries of America, and occur 
in chains. The communication is direct from 55° N. lat. in a north-westerly course, 
through l)t‘er, Wollaston, and Athabasca Lakes, to the Great Slave and Bear Lakes, a 
distance of near 2()0() niiles, only interrupted by falls and rapids in the connecting rivers. 
PV(»m the enst(u*ii extremity of the Great Slave Lake another chain extends in a north- 
easterly direction, which Captain Back traversed to the Polar Sea in his celebrated 
expedition in sr'arch of Ca])ta1n Boss. Through great j>art of the year these lakes are 
ice-bound, adventurous travellers and the fur traders commonly passing over their 
frozen surface in dog-sledges. This is the case with the north European and Asiatic 
lakes, across which an active commerce is carried on in the wdnter season. But some 
defy the rigour of the climate to bind up their waters, owing to their depth, or peculiar 
agitations to >vhich they are subject. Loch Ness, in Scotland, never freezes ; and though 
ico is found in the bogs and morasses around .Lake Baikal, even during the heat of 
summer, it does not cover up the lake itself before the middle or close of December. 

Passing from this arrangement of lakes into systems, wx })roceed to glance at a few of 
the more striking peculiarities which characterise them indifferently. Floating islands, 
in several instances of considerable size, are found in some of the lakea of Scotland, Ire- 
land, Sweden, Germany, and Italy. We have an account of one in the latter country in 
the following letter nddre.ssed by Pliny to Galius. It is only necessary to remark, that 
the lake Vadimon, the scene of the phenomenon, is now the Lago di Bassonello. 

“ Those works of art or of nature, which ore usually the motives of our travels, are 
often overlooked and neglected, if they happen to lie within our reach ; whether it be 
that we are naturally less inquisitive concerning those things which are near us, while 
our curiosity is excited by remote objects ; or because the easiness of gratifying a desire 
is always sure to damp it ; or, perhaps, that we defer, from time to time, viewing what 
we know we have an opportunity of seeing whenever we please. Be the reason what it 
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limy, U k eert^ there are several rarities in and near Rome, which wo not only have 
never seeni but have never so much as heard of ; and yet, if they had been the produc- 
tion of Greeoe^ or Egypt, or Asia, or any other country which we admire as fruitful in 
wonders, they would, long since, have been the subjects both of our reading, conversa- 
tion, and inspection. For myself, at least, I confess I have lately been entertained with 
a sight of one of these our indigenous singularities, to which I was an entire stranger 
before. My wife’s grandfather desired I would look upon his estate near Ameria. As 1 
was walking over his grounds, I was shown a lake that lies below them, called Vadimon, 
which I was informed had several very extraordinary qualities attending it. This raised 
my curiosity to take a nearer view. Its form is exactly circular ; there is not the least 
obliquity or winding ; but all is regular and even, as if it had been hollowed and cut out 
by the hand of art. The water is of a clear sky-blue, though with somewhat of a green- 
ish cast ; it seems, by its taste and smell, impregnated with sulphur, and is deemed of 
great efficacy in all fractures of the limbs, which it is supposed to consolidate. Notwith- 
standing it is but of a moderate extent, yet the winds have a great cflect upon it, fre- 
quently throwing it into violent commotions. No vessels are suflercd to sail here, os its 
waters are held sacred, but several floating islands swim about in it, covered with reeds 
and rushes, together with other plants, which the neighbouring marsh and the borders of 
the lake produce. These islands differ in their size and shape ; but the edges of all of 
them are worn away by their frequent collision against the sliore and each other. They 
have all of them the same height and motion, and their respective roots, which arc formed 
like the keel of a boat, may be seen hanging down in the water, on whichever side you 
stand. Sometimes they move in a cluster, and seitm to form one entire little continent ; 
sometimes they are disj)er8ed into different quarters by the winds ; at other times, wlieii 
it is calm, they float up and down separately. You may fn^qucintly see one of the larger 
islands sailing along with a lesser joinc'd to it, like a ship with its long-boat; or, perhaps, 
seeming to strive which shall out-swim the other : then again they all assemble in one 
station, and afterwards joining themselves to the shore, sometinu's on one side and some- 
times on the other, cause the lake to appear considerably less, till at lust uniting in the 
centre, they restore it to its usual size. I'he sheep which graze uj)on th(j borders of this 
lake frequently go upon these islands to feed, without j)er(;eiving that they have left the 
shore, till they are alarmed by finding themselves surrounded with water; and in the 
same manner, when the wind drives them back again, they return, without b(;ing sensible 
that they are landed. This lake empties itself into a river, which after running a little 
way sinks underground ; and if any thing is thrown in, brings it up again where the 
stream emerges. I have given you this account, because I imagined it would not be less 
new nor less agreeable to you than it was to me ; as 1 know you take the same pleasure 
as myself in contemplating the works of nature.” 

There are various cxanqdes of these floating islands. Those of the lake Gerdau in 
Prussia are said to afford sufficient pasturage for a hundred head of cattle, which have 
actually been found grazing on them, and noble elms grow upon one in tJic lake Kolk, in 
Osnabriick. These islands have been formed by the gradual agglomeration of vegetable 
matter, reeds from the marshes and roots of trees, upon which the waters have, deposited 
fine sand and gravel held in suspension, and have obviously rec^uired ages for their 
growth. The great raft near the mouth of the Mississippi is a production of an analo- 
gous kind. This is composed of the wood annually drifted down that river and its tribu- 
taries, consisting of the magnificent trees growing upon their banks, which fail into the 
waters, owing to the floods undermining their foundations and loosening their roots. Ar- 
rested by some obstruction in the river, a mass of timber has thus accumulated, and become 
consolidated by the interlacing of weeds and the deposition of alluvium, so as to form what 
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is called “the raft,” the dimensions of which in 1816 amounted to a length of 10 miles, a 
width of 220 yards, and a depth of 8 feet. This is an island afloat in the bosom of the 
waters, having externally the appearance of solid land, for green bushes and a variety of 
beautiful flowers bloom upon its surface. The age of the raft, at the time when the pre- 
ceding dimensions were given, is supposed to have been not more than thirty-eight years, 
from which some idea may be formed of the immense quantity of drift-wood borne down 
by the waves of the Mississippi. 

The Swiss lakes exliibit some peculiar and interesting features. That of Zurich 
presents annually what is called the flowering of its waters. This is the appearance upon 
the surface of a very minute vegetation. But the lake of Geneva, or Lac Leman, 
furnishes the most remarkable phenomenon. This is generally considered the finest 
inland sheet of water in southern P^urope. It fills a great cavity in the rocky strata of 
Switzerland, extending about forty-seven miles in its greatest length, and nine miles in its 
greatest breadth. High and rugged mountains form its boundary to the east, with more 
gentle slopes to the west, (jnriclied with corn fields, villas, and vineyards. The turbid 
and discoloured waters of the Rhone arc filtered in it, and issue forth beautifully clear and 
pidlucid. Owing to this deposition from the river, the lake has been largely contracted 
at the point where the stream enters, so that the Roman town, Portus Valesias, which 
was close to the water’s edge, is now separated from it by a tract of land more than a 
mile and a half in breadth. Among the peculiarities of the lake of Geneva, is that called 
Seiches, by the people of the neighbourhood. It consists in a sudden rising of the water, 
in the form of a tidal wave, sometimes to the height of five or six feet in the course of a 
few hours. A few of the Italian lakes, and some others of the Swiss, are subject to the 
same great undulatory movement, the cause of which is by no means certain, but con- 
oeived to lie in some local and transient variation of the pressure of the atmosphere. 
There is another phenomenon of which this lake is the scene, called the Vaudaise, This 
is the ebullition of its waters, arising perhaps from the escape of subaqueous currents of 
air or gases. The agitation produced is at times so violent as to render the navigation 
of the lake dangerous. 

The appearance of tumult upon the surface of lakes without any sensible cause for it, 
is far from being uncommon, however strange it must seem, to see their waters tossing 
to and fro, in the calmest weather, when not a twig is stirring in the woods upon their 
banks. On the 1st of November 1755, without the least apparent cause, agitation seized 
the before peaceful waters of Loch Lomond, and they suddenly rose against their 
shores to a perpendicular height of two feet, and then subsided below their ordinary 
level. Tliis was soon afterwards explained by the coincident occurrence of the earthquake 
at Lisbon. But Loch Lomond, along with lake Wetter in Sweden, often exhibit great 
disturbance^ the cause of which must lie in themselves, and is probably due to the escape of 
currents of air from below their bed, though obscurity rests upon the manner of the form- 
ation of this subaqueous and subterranean prison-house of the winds, or upon the opening 
of its doors. In the winter season, a lake near Bedeslaw in Bohemia, which has never 
been sounded, also exhibits upon its surface the effects of the action of some internal force ; 
large masses of ice being whirled from it into the air. But of all phenomena of this kind, 
those which mark the Baikal are the most singular and unaccountable. They give it 
somewhat of a prophetic character, and would justify incredulity were they not well 
attested. It is rai*ely the case that its waters are smooth and calm, but when they are so, 
vessels upon their surface are often so violently shaken as to make it difiicult to stand in 
them. There is commonly an undulation, which the sailors call kolychen or zyb, which 
increases previous to a wind arising. Tiiis undulation proceeds from the quarter of the 
wind, and its increase precedes it by about an hour ; but while a moderate wind will be 
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attended with great disturbance on the lake, a storm will produce much less effect 
These circumstances have some connection with the physical condition of the district — a 
focus of earthquakes— -but the links between the two are unknown to us; another evi- 
dence, that, in the physics of the earth, there is much yet beyond the reach of our philo- 
sophy. A small expanse of water near Beja in Portugal is said to announce a storm by 
its commotions ; but, in general, the movements of lakes are confined to those produced 
by their own river-currents, and the action of the external atmosphere. Winds produce 
an effect upon their surfiice, regulated by the extent exposed to their influence, and the 
character of the surrounding shores. The heavy autumnal gales that sweep over the 
ample volume of Lake Superior, rouse it into tempest, and raise its waters several feet 
upon the opposite beach ; and small mountain-lakes are often violently agitated by tlie 
winds, which rush with greater ])ower through the openings in their boundary, from the 
interruption which its walls present to their course. 



Lake Saratoga. 

The smaller lakes of America, whose wild and solitary shores attract the tourist, of which 
the above view of Lake Saratoga affords a specimen, have some singular physical jiecu- 
liarities. One of the early explorers of its northern regions. Sir Alexander Mackenzie, 
was the first to notice the attractive power of the mud at the bottom, which is somc- 
Ames so great, that boats can with difficulty proc,eod along the surface. Ihis extra- 
ordinary fact is thus stated: — “At the portage or carrying place of Murtres, on Rose 
Lake, the water is only three or four feet deep, and the bottom is muddy. I have 
often plunged into it a pole twelve feet long, with as much ease as if I merely 
plunged it into the water. Nevertheless, this mud lias a sort of magical effect upon the 
boats, which is such that the paddles can with difficulty urge them on. This effect 
is not perceptible on the south side of the lake, where the water is deep, but is more 
and more sensible as you approach the opposite shore. I have been assured that loaded 



PHYSICAL GEOGRAPHY. 


Z2i 

boats hare often been in danger of sinking, and could only be extricated by being towed 
by lighter boats. As for myself, I have never been in danger of foundering, but I have 
several times had great difficulty in passing this spot with six stout rowers, whose utmost 
efforts could scarcely overcome the attraction of the mud. A similar phenomenon is 
observed on the Lake Saginaga, whose bottom attracts the boats with such force that it 
is only with the greatest difficulty that a loaded boat can be made to advance : fortunately 
the spot is only about four hundred yards over.’* This statement has received confirma- 
tion from the experience of Captain Back, during the recent arctic land expeditions. A 
part of Lake Huron, likewise, in the same district, appears to be the centre of a remarkable 
electrical attraction. There is a bay in the lake, over which the atmosphere is constantly 
highly charged with electricity, and it has been affirmed that no person has ever traversed 
it without hearing peals of thunder. 

Lakes differ greatly in their colour, clearness, and depth. It is difficult to account in 
every case for the tints of water. They are referable to a variety of causes. The 
geological character of the beds of lakes, of the surrounding objects from which shadows 
are cast, and of the soil drained by them ; their depth, with the nature and quantity of 
the subaqueous vegetation, have influence in determining the colour of their waters. 
Those of tlic Great Bear Lake are a beautiful light blue, especially in the vicinity of the 
primitive mountains of M‘Tavish Bay, where they are very transparent. A piece of white 
rag, when sunk here, did not disappear till it had descended to the depth of ninety feet. 
This remarkable transparency belongs to the waters of Lake Superior, which are so 
pellucid that the fish and rocks are distinctly visible at most extraordinary depths. 
Those of Lake Huron also are brilliantly crystalline; and to a voyager on some of the 
Scandinavian lakes, the density of the medium on which he is floating appears little 
greater than that of the atmosphere. So completely are the senses here sometimes 
deceived, that the stranger has recoiled in involuntary alarm from his situation, impressed 
with the idea of being about to be precipitated among the rocks and chasms disclosed 
below him. “Nothing,” says Elliot, in his letters from the north of Europe, “appears 
more singular to a foreigner tlian the transparency of tlie waters of the Norwegian lakes. 
At the depth of 100 or 120 feet tlie surface of the ground beneath is perfectly visible ; 
sometimes it may be seen wholly covered with shells, sometimes only sprinkled with 
them ; now a submarine forest presents itself to view, and now a subaqueous mountain.” 
A farthing has been seen at the depth of 120 feet in Lake Wetter in Sweden. The 
depth of lakes, of w hich a few examples are given below, is very various ; and all efforts 
to sound some have failed, owing to the line running out without reaching the bottom. 


Lough Neagh 


Grcntcjit Soundings. 

102 

Killarney 

- 

- 

252 

Lomond, average deptli 120 feet 

720 

Nets . 

- 


810 

Constance 

- 


2334 

Geneva, medium depth 5GO 


900 

Neuchitel 



426 

Lucerne 



600 

Zurich 



600 

Maggiore 



2625 

Como 



1698 

Iseo 



984 


Greatest Soundings. 


Garda 


. 

. 

Feet. 

951 

Nemi 

- 

- 

- 

2700 

Wetter 

- 

- 


440 

Wcnii, average depth 240 


573 

Moela 

- 

- 


66 

Caspian Sea 

- 

- 


2800 

Superior 


- 


1200 

Huron 


- 


1000 

Erie - 




270 

Ontario 


. 


300 

Michigan 


- 


900 


Some lakes are periodical, their waters retiring into subterranean reservoirs through 
crevices in their beds, from whence they successively re-issue. This is the case with 
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lake Cirknits in Uljria, which displays frequent intermission, dependent, in the period of 
its occurrence, upon the season. It has been full for three or four years together, and 
dry twice or thrice in the year. We may here infer a connexion with a body of water at 
a lower level, whose increase and diminution, through rain and drought, cause the alternate 
appearance and failure of the lake. By a subterraneous channel, the lake of Joannina 



I.aku of JoannUiti. 


communicates with the river Kalama, the Thy amis, of lh(* nncieiU Grerks, by 

which its dimensions are much reduced in summer, and maize* is grown upon tlni deserted 
ground. This lake, the only one of importance within tin* limits of ancient Greece, has 
acquired celebrity in modern times from its connection with the fortunes of Ali Pacha, 
whose capital appears in our view”, and whose death took place, after a bloody struggle, in 
the castle which crowns the end of the peninsula that abruptly juts out into the water. 
Directly opposite this peninsula, the illustration shows a small island, upon which the 
Pacha kept his herd of red deer, in the height of his prosperity, and to which he 
often retreated for pastime. The waters of the Caspian Sea are said to be subject 
to a change of level of a very anomalous kind, increasing and decreasing through pe- 
riods of about thirty years ; a stateimmt which, if true, is perfectly inexplicable. But 
notwithstanding any temporary alterations of their level, it is a w ell -attested fact, that the 
majority of lakes have undergone a sensible depression since the historic period com- 
menced, and are in process of a gradual permanent reduction. This wasting is due to 
evaporation, to the deposition of the soil conveyed by streams and torrents, and to the 
accumulation of drift-wood lodged by rivers in their bed. The latter operation is rapidly 
proceeding in some of the more northern lakes of America. Dr. Ricdiardson noticed a 
shoal of many miles in extent, formed on the south side of Athabasca Lake, by the drift- 
timber and vegetable debris brought down by the Elk river ; and the Great Slave Lake 
itself, he remarks, must in process of time be filled up by the matter daily conveyed into 
it by the Slave river. Vast quantities of drift-timber are buried under the sand at the 
mouth of the river ; and enormous piles of it are accumulated on the shores of every 
part of the lake. There are lines of shingle, consisting of rolled stones and shells, around 
the Canadian lakes, at an elevation of forty or fifty feet above the utmost height to which 
their waters at present are lashed by the winds. These bear witness to their ampler 
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volume in ancient times, and to the enormous reduction to which they have been subject ; 
and appearances indicate that long before the time, previously stated, required for the 
Niagara to gnaw its way back from the falls to lake Erie, the lake itself will have been 
converted into dry land by its own sediment. There are hills forty miles inland from 
lake Aral, composed of indurated marl, full of marine shells, which seem to have been its 
ancient shores. “ I mentioned to our Kirghisians,” says Baron Meyendorff, “ the traces of 
water on Sari-houlak (one of the hills in question), and they assured me that their fathers 
had seen the waters of the Aral Lake extend to the foot of this hill, although it is at 
present sixty versts distant from it. So great a number of the Kirghisians have told me 
the same thing, that I consider it as an undoubted fact, and it proves how very consider- 
able, and at the same time how ra[)id, the diminution of the waters of the Aral lake 
has been. It continues to dimiminish, and one of our guides pointed out a place in our 
route, far inland, which he himself remembered to have seen the waters reach.” It has 
been stated by Colonel Monteith, that during his residence in that part of Asia, from 
1811 to 1828, the Caspian Sea, as well as every other lake in Persia, had decreased most 
sensibly in depth. It requires ages, however, for such physical changes to transpire 
to any great extent; nor need the present generation be alarmed at the thought of 
being d<q)rived of the waters on the shores of which their lot may be cast, however 
certain, in many instances, their conversion into marshes, and ultimate disappearance, 
may be. 

Before parting from this subject, we may cast a glance at the lakes of Wales, as those 
of England, Scotland, and Ireland have been the subject of a slight reference. Though 
occurring upon a vastly reduced scale, in comparison with the grand Continental expanses, 
they exhibit in many cases a minuteness of extreme beauty, and form in combination with 
rock, island, wood, and monastic ruin, scenes of the most jdeasing or impressive description. 
The recesses of the Welsh mountains are plentifully sprinkled with sheets of water, 

varying in size from the most inconsider- 
able to a circumference of several miles, 
which, with their craggy islets, bold and 
precipitous shores, and placid surface, rank 
among the chief attractions of the Prin- 
cipality. The following specimen scene 
occurs in the neighbourhood of Cader Idris, 
the monarch of the surrounding country, 
whose towering summit, often capped with 
clouds, is a magnificent object from the 
surface of the water. The Maes-y-Pandy, 
a small stream, debouches from the lake, 
and falls into the sea after a course through 
romantic gorges, where it forms a variety 
of cascades. 

The cormorants visiting the lake are 
subject to a peculiar economy. It is said, 
that there are never more than two haunt- 
ing its waters. These come from Craig-a-Deryn, or the Bird Rock, some miles distant, 
which is thronged with them. The neighbouring lakes and rivers seem apportioned to a 
certain number for their support, and that number is never exceeded, so that, if one is 
killed, another is immediately sure to supply its place* The Welsh lakes are remarkable 
for their pitchy blackness, and several of the streams, as the Dee, are of a deep tan 
colour, perhaps arising from impregnation vrith peat, in the beds over w'hich they flow* 
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It is certain, however, that earthy impregnations will not always account for the hue of 
lakes and rivers, for the Jumna and the Ganges both take their rise in the snow, flow 
almost in parallel lines, run through nearly a similar soil, and yet the water of the one is 
pure as crystal, and that of the other yellow and thick. The Bala-Pool, or Pimble-Mere, 
is an exception to the general aspect of the lakes of Wales, its water being so pure, that 
the nicest chemical tests can detect scarcely any quantity of foreign admixture. It refuses 
to mingle with the tan-coloured Dee, whose w'aters run througli it in a streak of almost 
inky blackness. 


CHAPTER VIII. 

THE OCEAN. 



ROM the land-enclosed waters 
of the globe, we now pass 
to consider those which en- 
close the land, occupying the 
greater part of the surface of 
the eartli, in various places 
to an unknown depth, and 
presenting a thousand inter- 
esting and astonishing fea- 
tures. However occasionally 
disastrous by its tempests to 
human life- and property, the ocean is 
essential to the existence of man and of 
all vegetation, purifying the atmosphere 
he breathes by its constant motions, and sending off 
from its immense reservoir a perpetual supply of 
vapours, which condense into clouds, and are the 
sources of moisture and fertility to the soil. Nor is the 
facility afforded by the great deep for the intercourse of distant 
nations an unimportant circumstance, while numerous marine 
productions, in the hands of civilisation, minister to the comfort 
and improvement of society. Owing to the enterprise of sci- 
entific individuals, to commercial adventure, and to costly ex- 
peditions fitted out by different governments, the surface of the 
ocean has been largely traversed, and the sinuosities of its coasts 
explored, though the line of its circumference has not yet been 
fully traced, and various parts of it which have been visited 
have not been accurately surveyed. The passage of the Polar 
Sea tQ the north of America has hitherto bafiled the skill and hardihood of our coun- 
tiymen, though the accomplishment of it is probably nigh at hand ; and the configu- 
ration of its shores to the north of Asia is a very recent geographical achievement, due 
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to the of the Russian authorities. But enough is known of the great world of 

waters, of its extent, utility, and varying phenomena,— 

** Calm or convuls’d, in breeze, or gale, or storm, 

Icing the pole, or in the torrid clime 
Dark heaving,*' — 

to invite the eye of admiring contemplation, and enrich the mind with conceptions of 
grandeur, beauty, and beneficence. Unstable as it appears, so as to have become a com- 
mon emblem of inconstancy with the nautical races, it has far more permanent stability 
than the solid earth ; nor is the language of the modern poet — 

“ Time writes no wrinkle on thy azure brow ; 

Such as creation's dawn beheld, thou rollest now,” — 

any violation of philosophical truth, for the level of the ocean, however temporarily fluc- 
tuating, appears to experience no enduring change. 

Similar inequalities to those which mark the surface of the dry land — abrupt^ eminences, 
gentle slopes, and deep depressions — seem to characterise the bed of the ocean. Hence 
the depth of its waters is very various, from the thin stratum which scarcely conceals the 
sand-bank from the eye of the navigator, to the enormous mass which no plummet has 
ever sounded. In the Nortli Sea, Lord Mulgrave let down a heavy sounding lead to 
the depth of 4,700 feet without reaching the bottom ; and Captain Scoresby, off* the 
coast of Greenland, sounded to the depth of 7,200 feet, with the same result. But this 
of course does not prove the ocean to be a bottomless abyss ; it only overreaches the 
limited extent of our sounding lines. Nor perhaps do such experiments show the approxi- 
mate depth in those places, for an under-current may have carried the lead far away 
from a perpendicular direction. Along a low, level, and sandy shore, the sea is generally 
shallow, but the reverse in the neighbourhood of a bold and towering coast. The 
recession of the tide off* the flats of Lincolnshire and Holland, converts large tracts into 
dry land, while the Mediterranean, where mount Athos rises abruptly from it to the 
height of 6000 feet, has a depth of from 5(X) to (500 feet close in shore. Around low 
islands, except those of coral formation, shoals and shallows are common, often at a 
considerable distance from the beach ; but around those which project from the bosom of 
the ocean to a great elevation, as St. Helena, the depth frequently cannot be sounded. 



Snlnt Helena. 


On approaching Aurora Island, one of the Panmato group of South Sea Islands, the officers 
of the American expedition sounded at one hundred and fifty feet from its perpenJlicular 
cliff, and found no bottom at a hundred and fifty fathoms. 
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Analogy thus leads us to infer a general correspondence between the height of the 
land and the depth of the sea. If this he so, then the greatest depth of the ocean will 
be nearly 80,000 feet, equal to the elevation of the loftiest peaks of the Himalaya moun- 
tains. Sir James Ro^ in the South Atlantic, June 3. 1843, lat. IS'^ 3' S., long. 23° 14' W., 
when the weather was nearly calm, and the water quite smooth, found no bottom with a 
line of 27}600 feet, the greatest depth that has yet been satisfactorily ascertained. Tlie 
spot was 1180 miles distant from Cape Frio, the nearest point of South America, and 486 
miles from the nearest land, the small Island of Trinidad. The level of the ocean, how- 
ever, is not the same in all places, nor at all times in the same place ; for astronomical and 
atmospherical causes, producing tides and winds, operate to effect a change. Apart also 
from these disturbing causes it is found that the level of the water in some gulfs and inland 
seas has in general a greater elevation than that of the main deep. Thus the waters of the 
Red Sea, separated by the Isthmus of Suez from the Mediterranean, were found by the 
French engineers 32^ feet higher than those of the latter. The level of the waters in the 
Gulf of Mexico is estimated to be upwards of 200 feet above that of the ocean, near the 
Cape de Verde Islands, and in the Gulf of Guinea. This effect appears to be occasioned 
by the tropical current of the ocean from east to west, caused by the earth’s rotation upon 
its axis from west to east, which accumulates the water in those gulfs opening eastward. 

The saltness of the ocean is one of its prime characteristics ; but, as yet, we have 
nothing but hypothesis, with reference to its cause and design. In addition to pure water, 
it has been ascertained, by the experiments of different chemists, to hold in solution mu- 
riate of soda, or common salt, muriatic and sulphuric acid, fixed mineral alkali, magnesia, 
and sulphate of lime, besides the animal and vegetable matter, in a state of decomposition, 
with which it is impregnated. The great specific gravity of the sea, resulting from these 
ingredients, explains its buoyancy. The proportional specific gravity of different kinds 
of water is stated to be as follows; — 


Sea water 
River water 


- 1 ‘(>28 
- 1010 


Pure spring water 
Dwtilled water - 


1 -(X)! to 1 005 
1-000 


The quantity of salts in the water of the ocean varies in different places. Lord Mulgrave 
found the proportion at the back of Yarmouth sands to be 3*125 per cent of the weight 
of the water ; and Captain Scoresby, in N. lat. 77° 40' and E. long. 2° 30', found the pro- 
portion to be 3*56 per cent in a quantity of water taken from the surface. Different 
observers have given the following results : — 


Quantity of 
Saline Mutter. 


Quantity of 
Saline Mutter. 


N. lat. 80° 60 fathoms under ice 8 54 percent. I S. lat. 49° 50' 60 fathoms under ice 4*16 per cent. 


74 


3-60 — 

„ 46 

„ 

4-50 

60 


3 40 — 

„ 40 

.30 

4 00 

45 


4 00 — 

„ 25 

54 

do. 

39 


do. — 

20 

„ 

3-90 

34 

14 


do. — 

do. — 

t> 1 

16 „ 

3 -.50 


The sea was formerly supposed by physical enquirers to be the saltest under the equator ; 
but Humboldt has deduced from good experiments conclusions as follows : — 


Proportion of salt between 0° and 1 4° lat. 

„ 15 —.25 — . 

„ 30 — 44 — , 

„ 50 — 60 — 


From this table it appears that the saltness of the ocean is greater towards the tropics 
than at the equator, and least towards the poles ; for which a reason may be found in the 
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immense amount of the equatorial rains, and the neighbourhood of the polar snows, which 
diminish its intensity. In the water of the Firth of Forth, an analysis of Dr. Thomson 
gives ^th of saline contents, and in the neighbourhood of Great Britain ^th of the 
whole weight is salt. The origin and object of this peculiar constitution of sea-water 
is one of the mysteries of physics. Why so great a difference between the waters 
of the ocean and of the land ? Why are the former hateful alike to man and beast, 
covering such a mighty expanse as they do, and feeding by evaporation, and in some 
cases by filtration, the pure springs and streams which keep both man and beast alive ? 
The saline quality of the ocean water alone does not preserve it from corruption. 
The water of the Nile never becomes putrid, although kept for any length of time in 
small vessels in a house, or in large cisterns out of doors. But that of the ocean soon 
becomes offensive in the hold of a ship, and the state of the equatorial seas, after a long 
calm, answers, to some extent, to the strong phrase of Coleridge, “ the very deep doth 
rot!” With reference to the cause of its saline quality, we only know the fact, that dif- 
ferent salts arc constituents of the terraqueous system ; that beds of rock-salt of enormous 
thickness, as in Cheshire and Poland, form part of the crust of the globe ; and analogy 
leads to the conclusion, that immense banks of the mineral exist in the bed of the deep. 

Local causes operate in various parts of the ocean to lessen its saltness ; as at the 
mouths of rivers, where large volumes of fresh water arc constantly mingling with its 
waves. The singular circumstance also has previously been referred to of freshwater 
springs rising up in the midst of the sea. Humboldt was informed by Don Francisco le 
Maur, that in the Bay of Xagua, to the south-east of the island of Cuba, springs of this 
kind gush up from the bottom with such force as to prove dangerous to small canoes ; and 
that vessels sometimes take in supplies from them, while the lamartin, or freshwater 
cetacea, abound in the vicinity. There are similar fountains in the Persian Gulf, which 
furnish the inhabitants of Aradus with their ordinary drink ; and in several places in the 
volcanic regions of the Mediterranean, the sea is fresher at great depths than at the sur- 
face, owing to the presence of these springs ; a phenomenon which is not uncommon near 
the islands of the Pacific 

The waters of inland seas are commonly less saline than those of the main ocean, 
especially where they communicate with it by very narrow channels, and receive numerous 
and extensive rivers. This is strikingly the case with the Baltic. Analysis shows that 
three pounds of its water will yield about 390 grains of salt, while the same quantity 
taken from the German Occam, with which it is connected, contains 747 grains. This 
small degree of saltncss is to be attributed to the narrowness of its outlet, and to the 
numerous rivers thait flow into it, which drain more than one fifth of the surface of Europe, 
and are fed by a largiT amount of snow than falls in any other inhabited country of the 
world. The average weight of the Baltic water, taken from the centre, is to that of fresh 
water as 1*038 or 1*041 to 1*000, while that of the Atlantic is as P288. There are some 
variations in the quality of the w aters of this inland sea, which seem to depend upon their 
localtf with reference to the ocean and the rivers. Thus, those of the Gulf of Bothnia con- 
tain less salt than other portions of the Baltic, and here the in-flowing streams are the most 
numerous, and the out-lying ocean at the greatest distance. The quality of the water 
also changes according to the seasons ; for while at midwinter 30 tons of water taken from 
the Gulf of Bothnia will yield a ton of salt, it will require 300 tons at midsummer to 
produce the same quantity. Ii is the larger amount of fresh water poured into the 
gulf, through the melting of the snows at the commencement of the summer, that con- 
tributes to this result. The direction of the wind likew’ise largely influences the character 
of the Baltic water. Its specific gravity, as ascertained by the experiments of Wilcke 
under the circumstances stated, is as follow*8 : — 
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Speciae OraTl^. Specific Grivity. 

1 *0030 Wind at E. I 1 *01 18 Storm at W. 

1 -0047 Wind at W. | 1 -0098 Wind at N. W. 

It appears from this table, that the proportion of salt in the waters of the Baltic is least 
when the wind is east, greater when it is west, and greatest during the prevalence of a 
westerly storm. This is readily explained. An east wind co-operates with the natural 
current of the Baltic to keep out the waters of the open sea, while a west wind checks tlie 
current, changes its direction, and causes an influx from the ocean. Sometimes, during a 
strong easterly gale, the Baltic water is sufliciently fresh to be fit for domestic use. It is 
owing to its inferior saltness and scanty depth, that its shores are ice-bound, and large 
portions of its surface are frozen over, during a severe season. In the year 1333, the sea 
presented a surface of solid ice from the Danish islands to the coast of Prussia, over 
which for some time communication was uninterruptedly maintained, and public-houses 
were erected along the road. The Swedish monarch Charles X. marched his army in 
1559 over both Belts to the conquest of Zealand, and in 1809 the Russian soldiers travelled 
across the ice from Finland to Sweden. The water of the Mediterranean exhibits a 
striking difference to that of the Baltic, containing a somewhat larger proportion of salt 
than the ocean. The specific gravity of the Atlantic west of the Straits of Gibraltar has 
been found to be 1*0294, while that of the Mediterranean to the east of the Straits is 
1*0338. This is perhaps the combined cflect of a variety of causes, and may be due to the 
mineral character of its bed, to the strong current which sets into it from the Atlantic, 
and to the extensive evaporation to which the water of this close sea is subject, produced 
by a temperature which is five or six degrees higher than that of the ocean under the 
same latitude. 

From a series of experiments made some years ago by Dr. Marcet, the following general 
conclusions were deduced: — 1. That the Southern Ocean contains more salt than the 
Northern Ocean, in the ratio of 1*02919 to 1*02757. 2. That the mean specific gravity 

of sea water near the equator is 1*0277. 3. That there is no notable difference between 

sea water under different meridians, 4. That there is no satisfactory evidence that the 
sea at great depths is more salt than at the surface. 5. That the sea in general contains 
more salt where it is deepest, and that its saltness is always diminished in the vicinity of 
large masses of ice. 6. That small inland seas, though communicating with the ocean, 
are much less salt than the ocean. 7. That the Mediterranean contains rather larger 
proportions of salt than the ocean. 

I^a water taken from the surface has a bitter as well as a saline taste, which does not 
belong to it when taken from a considerable depth. This is supposed to arise from animal 
and vegetable matter, in a state of decomposition, impregnating the surface fluid. To the 
same cause, the extraordinary presence of sulphuretted hydrogen in various parts of the 
ocean is attributed. The evolution of this gas has been observed in water brought by 
Captain Hall from the Yellow Sea in the Chinese Ocean ; in a specimen brought by Mr. 
Schmidtmeyer from N. L. 10° 50' and W. L. 24° 26', which had an hepatic smell, and 
blackened the bottle in which it was contained ; and it exists in large quantities in the 
waters along the north-west coast of Africa. Vessels going to the latter region were 
observed to have their copper sheathing speedily injured ; a fact which attracted attention 
to the composition of the water, of which eight bottles, taken up in different places, 
were submitted to Professor Daniell for analysis. He found the saline contents in the 
proportions usually appertaining to sea-water, but analysis disclosed a strong impregnation 
with sulphuretted hydrogen, which in the case of a portion takes from Lopez Bay 
amounted to almost as much per gallon as in the Harrowgate waters. It was shown by 
subsequent investigations that this gas impregnated the seas and rivers along shore, in 
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enormous quantities, through an extent of more than 16° of latitude. Speculating upon 
its cause, the distinguished chemist remarks : — ‘‘It appears to me, that there are only 
two sources to which it can with any probability be referred, namely, submarine volcanic 
action, in which case its evolution might be considered direct or primary ; and the reac- 
tion of vegetable upon the saline contents of the water, in which case it would be secondary. 
The probability of a volcanic origin is, 1 think, small, from the absence, I believe, of any 
other indications of volcanic action, and from the great extent of the coast along which 
it has been traced. What is known of the action of vegetable matter upon the sulphates, 
and the immense quantities of vegetable matter which must be brought by the rivers 
within the influence of the saline matter of the sea, renders, on the contrary, the second 
origin extremely probable. Decaying vegetable matter abstracts the oxygen from 
the sulphate of soda, and a sulphuret of sodium is formed. This again, acting upon water, 
decomposes it, and sulphuretted hydrogen is one of the products of the decomposition.” 
There can be no doubt but that extensive banks of vegetable detritus have been formed 
at the mouths of the rivers of the west coast of Africa. They flow from an interior 
country rich with the luxuriance of a tropical vegetation, and roll along in immense floods 
in the rainy season, bringing down masses of deca 3 dng foliage into the ocean ; and what 
renders the preceding explanation the more certain, is, that those inlets along the coast of 
India, where the bottom contains carbonaceous matter, display the evolution of the same 
gas. With this circumstance, the unhealthiness of the West African stations, which has 
obtained for Sierra Leone the title of “ the white man’s grave,” is intimately connected, for 
it has been experimentally found that so small a mixture as a fifteen hundredth part of 
sulphuretted hydrogen in the atmosphere acts as a direct poison upon small animals. The 
mangrove swamps in all parts of the world are notoriously unhealthy, arising from the 
tree requiring salt water for its growth, the sulphates of which are decomposed by the 
decaying vegetable matter which is annually furnished. 

We are familiar with the phrases, the blue sea, and the green sea, with reference to the 
colour of its waters. Its usual colour is a bluish green, of a darker tint at a distance 
from land, and clearer towards the coasts, but subject to remarkable changes, which are 
not well understood. According to Scoresby, the hue of the Greenland Sea varies from 
ultra-marine blue to olive green, and from the purest transparency to the greatest opacity. 
The prevailing blue colour may be ascribed to the ocean absorbing all the prismatic 
colours, except ultra-marine, which is reflected in every direction. Humboldt observes 
of the cyanorneter, an instrument for measuring the intensity of colour, that when, 
instead of directing the apparatus to a large extent of open sea, the observer fixes 
his eyes on a small part of its surface, viewed through a narrow aperture, the water 
appears of a rich ultra-marine colour. Towards evening again, when the edges of the 
waves, as the sun shines upon them, are of an emerald green, the surface of the 
shaded side reflects a purple hue. Nothing, he states, is more striking than the rapid 
changes which the ocean undergoes beneath a serene sky, where no variations whatever 
are to be perceived in the atmosphere. In the midst of the tropical deep the water 
passes from an indigo blue to the deepest green, and from this to a slate grey, without 
any apparent influence from the azure of the sky or the colour of the clouds. In general 
the sea between the tropics is of a more intense and purer azure than in high latitudes. 
The ocean often remains blue when, in fine weather, the greater part of the sky is 
covered with light and floating fleecy clouds. Humboldt concludes his observations upon 
the tints of the ocean, and its changes from blue to green, with some general remarks, 
the substance of which is embodied in the succeeding paragraphs. Whatever relates to 
the colour of water is extremely problematic. The green tint of the snow waters 
that flow from the Alpine glaciers, w^hich contain very little air in solution, might induce 
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the belief that this colour is appropriate to water in its greatest purity. Chemistry is 
addressed in vain to explain this phenomenon, or that of the beautiful greenish blue 
colour of ice in a mass, or that of the blue of the Rhone near Geneva. There is hitherto 
no proof that waters exist which contain a greater or less degree of hydrogen ; and the 
refrigeration of the seas in tempests is much too weak to permit us to attribute tlie 
reflection of different coloured rays to the mere change of density. It is improbable 
that the green colour of the water is owing to the mixture of yellow rays from the bottom, 
and blue rays reflected by the water ; for the open sea is often green where it is more 
than four thousand feet deep. Perhaps, at certain hours of the day, the red or yellow 
light of the sun contributes to the colouring it green. The waves, like moveable and 
inclined mirrors, progressively reflect the shades and tints of the atmosphere from the 
zenith to the horizon. The motion of the surface of the water modifies the quantity of 
light that penetrates towards the inferior strata ; and it may be conceived that these 
rapid changes of transmission, which act as it were like changes of opaqueness, may, 
when they are united to other causes unknown to us, change the tint of the ocean. 

The colour of the general body of the sea — a blue inclining to green — is far from being 
universal. In various parts of its basin other shades appear, the causes of which are 
local, and are due to the existence of vast numbers of minute animalculm ; to a marine 
vegetation at or near the surface ; to the nature of the soil at the bottom, or to the 
infusion of earthy substances in the water. The Mediterranean, towards its eastern 
extremity, has occasionally a purple hue. In the Gulf of Guinea the sea is white ; 
about the Maidive Islands, black ; and near the shores of California it has a reddish 
appearance. The reddish tinge marks the waters near the mouth of the La Plata, and 
prevails also in the Red Sea — whence its name. The colour in this latter locality has 
been definitely investigated by Ehrenberg, who refers it to the prevalence of a species of 
Oscillatoriay a production half animal and half vegetable. In the spring of the year 1825, 
it was observed that the waters of the Lake of Morat, in Switzerland, had almost the 
hue of blood, which De Candolle demonstrated to proceed from an animal, figured and 
described by the botanist under the name of Oscillatoria rvbescensy which confirms the 
conclusion of Ehrenberg respecting the peculiar tinge of the Red Sea waters. It will be 
recollected, that on the return of Captain Ross from his first expedition to the polar seas, 
much surprise was excited by his account of the red snow, as it was termed, observed 
upon some of the snow mountains near the shores of Baffin’s Bay. But a similar 
phenomenon is of annual occurrence in the Alps, though not much noticed, because of 
its occurrence at a season when few travellers visit the country. Minute red grains 
appear scattered upon the snow in March, which usually are entirely gone by the close 
of May. Saussure has given an account of this appearance as occurring on the Great 
St. Bernard, but it is most abundant on Mount Breven, situated on the sunny side of 
the valley of Chamouni. The grains penetrate two or three inches into the snow, and 
are of a lively red colour, occurring chiefly where the snow lies in a cavity, deepest near 
the centre, and very faint upon the borders. Saussure came to the conclusion that it 
was the pollen of an Alpine plant, but no plant has ever been discovered in Switzerland 
to yield such a product. A similar opinion was entertained with reference to the red 
snow brought home by Ross, when the residue was examined, after the water had been 
evaporated. In all probability, the red tinge observed on the Arctic and Alpine snows, 
proceeds from a vegetable cause, while that which coloured the waters of the Lake of Morat, 
and originates the tinge of the ocean at the mouth of the La Plata, in the Red Sea, and 
along the coast of California, is owing to microscopical animalcula. 

The waters of the ocean vary in their clearness, from a crystalline transparency to 
a dulness bordering on opacity. Those of the North Sea, along the west coast of 
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the Scandivanian peninsula, have been remarked by all observers for being of an extra- 
ordinary transparency, which has, perhaps, no parallel in any other region. Here are 

those inlets of the sea, wild 
and romantic in their aspect, 
called the fiords of Norway, 
a name analogous to the Scot- 
tish firthy both having the 
same Norse derivation. “ No- 
thing can be more surpris- 
ing,” says Sir A. de Capell 
Brooke, “ and beautiful than 
tlie singular clearness of the 
Northern seas. As we passed 
slowly over the surface, the 
bottom, whichhere was in ge- 
neral a white sand, was clearly 
visible, with its minutest ob- 
jects, where the depth was 
from twenty to twenty-five 
fathoms. During the whole 
course of the tour I made, nothing appeared to me so extraordinary as the inmost recesses 
of the deep thus unveiled to the eye. The surface of the ocean was unruffled by the 
slightest breeze, and the gentle splashing of the oars scarcely disturbed it. Hanging over 
the gunwale of the boat, with wonder and delight I gazed on the slowly-moving scene 
below. Where the bottom was sandy the different kinds of astcriic, echini, and even the 
smallest shells, appeared at that great depth conspicuous to the eye ; and the water seemed, 
in some measure, to have the effect of a magnifier, by enlarging the objects like a telescope, 
and bringing them seemingly nearer. Now, creeping along, we saw, far beneath, the 
rugged sides of a mountain rising towards our boat, the base of which, perhaps, was hidden 
some miles in the great deep below. Tliough moving on a level surface, it seemed almost 
as if we were ascending the height under us ; and when we passed over its summit, which 
rose in appearance to within a few feet of our boat, and came again to the descent, which 
on this side was suddenly perpendicular, and overlooking a watery gulf, as we pushed 
gently over the last point of it, it seemed almost as if we had thrown ourselves down this 
precipice, the illusion, from the crystal clearness of the deep, actually producing a sudden 
start. Now we came again to a plain, and passed slowly over the submarine forests and 
meadows, which appeared in the expanse below ; inhabited, doubtless, by thousands of 
animals, to which they afford both food and shelter — animals unknown to man ; and I 
could sometimes observe large fishes of singular shape gliding softly through the watery 
thickets, unconscious of what was moving above them. As we proceeded, the bottom 
became no longer visible ; its fairy scenes gradually faded to the view, and were lost in 
the dark green depths of the ocean.” Mr. Barrow, while remarking the extraordinary 
clearness of the northern waters, in language equally as strong as that of the preceding 
statement, speaks of the reflection of the mountains being often as well-defined upon their 
surface as the rocks themselves, so that when viewed at a short distance it is no easy 
matter to decide where the line is that separates the water from the shore. This 
uncertainty, when crossing one of the fiords in a boat, has a most singular effect. Every 
thing appears upside down ; houses upset, trees growing the wrong way, men walking 
on their heads, cattle on their backs ; the whole appearance having an air of reality which 
for the moment beguiles the senses. 
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Great transparency, in various places, belongs also to the tropical deep. This is its 
feature around the Bahamas — that solitary and singular cluster of several hundred 
rocks in the Atlantic, aptly compared to one of the beautiful nebulro in the heavens, 
which to ordinary sight seems an indivisible patch of cloud, but when viewed through a 
telescope is found to be a collection of stars. “ The number,” says Moore, “ of beautiful 
islets, the singular clearness of the water, and the animated play of the graceiul little 
boats, gliding for ever between the islands, and seeming to sail from one cedar grove to 
another, form altogether the sweetest miniature of nature that can be imagined The 
water,” he adds in another place, “ is so beautifully clear around these islands, that the 
rocks are seen to a very great depth ; and as we entered the harbour they appeared to us 
so near the surface, that it seemed impossible we should not strike on them.” In verse, 
addressed to the Dowager Marchioness of Donegal, as well as in prose, the writer has 
celebrated the waters of the Bahama coves and coasts : — 

“ Believe me, lady, when the zephyrs bland 
Floated our bark to this enchanted land, 

These leafy isles, upon the ocean thrown, 

I-iike studs of emerald o’er a silver zone — 

Never did weary bark more sweetly glide, 

Or rest its anchor in a lovelier tide ! ’’ 

It is in the tropical seas, towards the heart of the torrid zone, that several remarkable 
phenomena are witnessed in perfection : the phosphorescence of the ocean — the flying-fish 
chased by the dolphin — successive regions of steady breezes, and calms interrupted by 
sharp and sudden squalls — and enormous deluges of rain, which generally descend in 
equatorial districts in a perfectly still state of the atmosphere. No spectacle is more 
imposing and magnificent than the luminous appearance of the sea at night in these 
latitudes. The path of a vessel seems like a long line of fire, and the water thrown up 
in her progress, or dashed by the waves upon deck, flashes like vivid and lambent flume. 
Sometimes myriads of luminous stars and spots float and dance upon the surface, assuming 
the most varied and fantastic aspects. This phosphorescent or shining appearance of the 
ocean is by no means uncommon, but most frequent in the equatorial seas ; and is usually 
ascribed to animalcula, which exist there in inconceivable numbers, and to the semi- 
putrescent matter of plants and fishes, developing electricity. As Humboldt entered the 
torrid zone, the phosphorescence of the ocean seemed to augment greatly the mass of light 
diffused through the air, so that he was able to read, for the first time, the minute divisions 
of a small snuff-box sextant, without the assistance of a taper. A most remarkable 
display of this phosphoric light is thus related by Mrs. Somerville: — Captain Bonnycastle, 
coming up the Gulf of St. Lawrence, on the 7th September, 1826, was roused by the 
mate of the vessel, in great alarm, from an unusual appearance. It was a starlight night, 
when suddenly the sky became overcast, in the direction of the high land of Cornwallis 
county, and an instantaneous and intensely vivid light, resembling the Aurora, shot out of 
the hitherto gloomy and dark sea, on the lee bow ; which was so brilliant, that it lighted 
every thing distinctly, even to the mast-head. The light spread over the whole sea between 
the two shores ; and the waves, which before had been tranquil, now began to be agitated. 
Captain Bonnycastle describes the scene as that of a blazing sheet of awful and most 
brilliant light. A long and vivid line of light, superior in brightness to the parts of the 
sea not immediately near the vessel, showed the base of the high, frowning, and dark 
land, abreast. The sky became louring, and more intensely obscure. Long tortuous 
lines of light showed immense numbers of very large fish, darting about as if in consterna- 
tion. The spritsail-yard and mizen-boom were lighted by the reflection, as if gas-lights 
had been burning directly below them ; and until just before daybreak, at four o’clock, 
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the most minute objects were distinctly visible. Day broke very slowly, and the sun rose 
of a fiery and threatening aspect. Rain followed. Captain Bonnycastle caused a bucket 
of this fiery water to be drawn up ; it was one mass of light, when stirred by the hand, 
and not in sparks, as usual, but in actual coruscations. A portion of the water preserved 
its luminosity for seven nights. On the third night, the scintillations of the sea re- 
appeared; this evening, "the sun went down very singularly, exhibiting in its descent a 
double sun ; and, when only a few degrees high, its spherical figure changed into that of 
a long cylinder, which reached the horizon. In the night the sea became nearly as lumi- 
nous as before ; but on the fifth night, the appearance entirely ceased. Captain Bonny- 
castle does not think it proceeded from aniinalcula, but imagines it might be some 
compound of phosphorus, suddenly evolved, and dispersed over the surface of the sea ; 
perhaps from the exuviae or secretions of fish connected with the oceanic salts, — muriate 
of soda, and sulphate of magnesia.” 

In the region of the tropical calms, lying between that of the north and south steady 
breezes, day after day is often passed without a whisper of the wind upon the deep, or the 
flap of a sail, and the ocean has no movement but that of a long huge swell, like the heaving 
chest of a giant in his sleep. But for the occasional occurrence of short squalls, the 
passage of this region would be almost impossible to sailing vessels, and parts of Byron’s 
striking picture might soon be realised ; — 

** The rivers, lakes, and ocean, all stood still, 

And nothing stirred within their silent depths; 

Ships, sailorlcKs, lay rotting on the sea, 

And their masts fell down piecemeal ; as they dropped, 

'J'hey slept on the abyss without a surge. 

The waves were dead ; the tides were in their grave ; 

The moon, their mistress, had expired before ; 

The winds were withered in the stagnant air, 

And the clouds perished. ” 

The squalls offer a brief but grateful interruption to the calms, and occur under singular 
circumstances. Amid the scorching heat of noon, a cloud appears, generally in the east, 
black and well-defined, when suddenly the wind springs up, blows violently for a few 
minutes, suddenly subsides, and tlie calm returns. It is by the aid of these fitful gusts 
that the passage of the tropical region of calms is effected. The ocean, in other parts of 
the torrid zone, as quickly changes its aspect from that of a smooth shining mirror to a 
surface shattered and tortuous, reflecting the hue of the black louring clouds ; and the 
storm sometimes rages with violence for days together. Captain Hall describes one of 
the tropical storms, when off the west coast of Mexico : — “On the evening of the 24th of 
February the sun set with astonishing splendour, but with a wild lurid appearance, which, 
in any other country, would have put us more upon our guard. The sun itself, when 
still considerably above the horizon, became of a blood-red colour, and the surrounding 
clouds assumed various bright tinges of a fiery character, fading into purple at the zenith ; 
the whole sky looked more angry and threatening than any thing I ever saw before. 
The sea was quite smooth, but dyed with a strange and unnatural kind of redness by the 
reflection from the sky. In spite of the notions we held of the fineness of the climate, I 
was made a little uneasy by such threatening appearances, and upon consulting the 
barometer, which in these low latitudes is seldom of much use, was startled by finding it 
had fallen considerably. This determined me immediately to shorten sail ; but before it 
could be fully accomplished, there came on a furious gale, which split many of our sails, 
broke our ropes like cobwebs, and, had it not been for greut exertions, we might have 
been dismasted. At length we got things put in proper trim to withstand the storm, 
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Gale In the Pacific 


which lasted with unabated violence for two days. During the greater part of the gale 
the wind was fair, but blowing so hard, and with so mountainous a sea, that we could 
make no use of it, nor show even the smallest stitch of sail, without its being instantly 
blown to rags.” 

The temperature of the ocean has occupied the attention of many physical inquirers. 
Throughout the whole of the deep ocean, there is, at a certain depth, varying with the 
latitude, a stratum which maintains invariably the temperature of about 39® 5', marking 
the limit of the sun’s influence. The temperature at the surface is of most importance, in 
relation to physical climate, because the superior stratum of the ocean is the only one 
that has an immediate influence upon the state of the atmosphere. As water is a slow con- 
ductor of heat, the temperature of the sea is more uniform than that of the air, and is not 
subject to those great and rapid changes that mark the latter. During Humboldt’s 
passage from New Spain to Corunna, between the 9th of June and the 15th of July 1799, 
he made the following observations : — 


N. Lat. 

1 

W. Long. 

Temperature at 
Surface. 

N. Lat. 

W. Long. 

Temperature at 
Surface. 

89° 10' 

34 30 

32 16 

30 36 

29 18 

26 51 

16° 18' 

16 55 

17 4 

16 54 

16 40 

19 13 

59° 00' Fahr. 

61 34 

63 86 

65 48 

66 74 

68 00 

20° 8' 

17 57 

14 57 

13 51 

10 46 

28° 51' 

.33 14 

44 40 

69 43 

40 54 

70° 16' Fahr. 
72 .32 

74 66 

76 46 

78 44 


From Corunna, where his voyage commenced, to the mouth of the Tagus, he found the 
water to vary but little in its temperature, but from 39° of latitude to 10°, the increment 
was very sensible, and constant, though not always uniform. Chorucca, who crossed the 
equator, in his voyage to the Straits of Magelhaen, in W. long. 25°, found the maximum of 
the temperature of the Atlantic at its surface in 6° north latitude ; Quevedo, in 20° 2 ' 
south *, Perrins in 0° 15' north ; and Humboldt observed the maximum, at the east of the 
Galipago islands, in 2° 27' north. These variations are probably due to accidental 
causes, such as long calms, temporary changes in the direction of the currents, or tern- 
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pests mingling the inferior strata of the water with the upper, for there is great uniform!^ 
everywhere in the maximum of heat in the equinoctial seas. Within the tropics, the 
temperature is never higher than 85® or 86® of Fahrenheit ; the mean is about 80° ; and 
the general range from 77° to 84®. If it were not for the action of the currents, 
mingling together the waters of different depths and regions, the temperature of the 
tropical ocean would be much higher than it is, because the surface of the water reflects 
infinitely fewer of those rays which approach the perpendicular, than of those which fall 
in a more oblique direction. The annexed Table is one of Humboldt’s, compiled from 
his own observations, and several nautical journals : — 


Temperature op the Atlantic Ocean in different Degrees of Longitude. 


Lat. 

Long. 

Temperature of 
the Ocean. 

Period of the 
Observation. 

Observers. 

Mean Temperature 
of the Air in the Basin 
of tiie Sea. 

0® 58' & 

0 57 

0 S3 

0 11 N. 

0 13 

25 15 N. 

25 29 

25 49 

27 40 

28 47 

• 42 34 N. 
43 17 

43 58 

44 58 

45 13 

48 11 

27® 34' W. 

30 11 

21 20 

84 15 

51 42 E. 

20 36 W 
39 54 

26 20 

17 4 

18 17 

15 45 W. 

31 27 

13 7 

34 47 

4 40 

14 18 

80° 96' Fahr. 
81 86 

81 86 

82 40 

80 78 

68 00 

70 88 

69 26 

70 88 

74 30 

51 98 

59 90 

60 62 

54 86 

59 90 

57 74 

Nov., 1788. 
April, 1 803. 
March, 1 800. 
Feb., 1803. 
May, 1800. 
June, 1799. 
April, 1803. 
March, 1800. 
Jan., 1768. 
Oct., 1788. 
Feb., 1800. 
May, 1 803. 
June, 1799. 
Dec., 1789. 
Nov., 1776. 
June, 1790. 

Chorucca. 

Quevedo. 

Perrins. 

Humboldt. 

Perrins. 

Humboldt 

Quevedo. 

Perrins. 

Chappe. 

Chorucca. 

Perrins. 

Quevedo. 

Humboldt. 

Williams. 

Franklin. 

Williams. 

J 

1 

1 

80*6® 

" (Cook). 

69*80 

- (La Pdrouse 
and Dulrytnple). 

54*86 

•(Cook and D’En- 
trecasteaux). 


A considerable number of experiments have yielded the following results, upon which 
general dependence may be placed ; — 

1. In the torrid zone, the temperature of the ocean is found to diminish with its depth ; 
in the polar sens it increases with the depth ; and about 56® of latitude it is nearly 
the same at all depths. 

2. At noon, the open sea is colder than the atmosphere noticed in the shade, and at 
midnight warmer ; an assertion first made by M. Peron, and confirmed by a large 
number of observations. 

3. Morning and evening, the temperature of the sea and of the atmosphere usually 
corresjKjnd. 

4. Observations taken at six in the morning, at midday, at six in the evening, and at 
midnight, of the temperature of the ocean at the surface, and of the atmosphere, 
show the mean to be higher with reference to the sea in every latitude. The ocean 
is thus in general warmer than the atmosphere with which it is immediately in 
contact. 

5. Banks diminish the temperature of the sea, so that it is always colder over them 
than where it is deeper ; and the difference is greater, the greater the shallows. 

The preceding tables and remarks refer cliiefly to the ocean north of the equator ; but 
there is no sensible difference between the general temperature of its tropical waters, 
north or south. Beyond the southern tropic also, as far as 35° or 40°, the temperature 
corresponds with that of similar extra-tropical northern latitudes; yet it is generally 
supposed that towards the poles the cold of the seas is greater in the southern than in 
the northern hemisphere, though the difference between the temperature of these high 
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latitudes is less than was once conceived. A very sensible effect in diminishing the 
temperature of the ocean is produced by the ice annually borne by the polar currents from 
the arctic and antarctic zones into lower latitudes. It has been met with in the South 
Atlantic^ off the Cape of Good Hope, but this is a very rare occurrence ; and did that of 
the North Atlantic drift to a corresponding latitude, tliat of Cape St. Vincent, it might 
be swept through the funnel of the Gibraltar Stilts, appear in the Mediterranean, rcducii 
the temperature of that warm sea, and cloud with cold I'ogs the beautiful landscapes of 
Italy. The lowest limit to which the northern ice descends appears to be 40J® N. latitude. 
Here it is occasionally encountered in a state of rapid thaw, cooling the warm water oi’ 
the gulf stream to a distance of forty or fifty miles around it, the thermometer gradually 
sinking sometimes from 60^ to 43° in its neighbourhood. The ice is not found, however, 
in every part of the Atlantic under the latitude stated, but is confined to the district 
between 42° and 56° W. longitude, which it visits in the height of summer. There is 
only one instance on record of the ice being met with at any considerable distance on the 
European side of this tract. This took place in the year 1817, and is sufiicicntly remark- 
able to be noticed here. For nearly four centurii‘s a large (piantity of ice, having an 
area of many thousand square miles, had occupied the sea to the north ol‘ Ictdand, chiefly 
along the eastern coast of Greenland. This icy continent, in the before-mentioned year, 
was suddenly broken up, separated into fragments, and scattered owr the waters of the 
North Atlantic. Large masses were then found as fur cast as 32° of longitude, or about 
eight hundred miles from the nuKst westt^rly i>art of Ireland. It was conceived probable 
that the breaking up of the great body of ice rtderrod to had opi ned the navigation of the 
sea all the way to the pole, which gave rise to the first of the expeditions of the present 
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century, to effect the north-west pas.sage of America — tlnit under Captain Ross. This 
dispersion of the polar ice had been ascribed at borne to a diminished rigour of the 
climate ; but upon the expedition arriving at one of the Danisli factories in Ilaffirfs Bay* 
the resident informed the commander that during the eleven w'inters he had passed tbei*e 
not one had been so severe or protracted as the last. The cxpericinre of the navigatot^s 
themselves speedily showed the fallacy of those sanguine anticipations whicli some had 
been ready to indulge, respecting the winter of the whole northern hemisphere speedily 
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mitigating its cold, the climate of England approximating to that of Italy, and vineyards 
flourishing where apple-trees now can with difficulty be reared. 

The great ice formations of the poles are due to the spherical form of the (iarth, and 
the obliquity of its axis, by which the presence of the sun is entirely withdrawn from 
arctic and antarctic regions for a considerable portion of the year, when intense frost 
reigns through the long and dreary night that prevails. In high northern latitudes, as 
early as the month of August, snow begins to fall, and a formation of ice rapidly ensues. 
The hoar-frost covers with fantastic clusters every prominence on land ; and the frost- 
smoke appears upon the sea, giving it the aspect of a vast steaming lime-kiln, the vapour 
being produced by the temperature of the water being relatively higher than that of the 
incumbent atmosphere. The fresh water poured from rivulets, or drained from the 
former collections of snow, becomes quickly congealed along the shores and bays, and 
the surface of the ocean is converted into one solid mass of ice, to some distance from 
the coasts. Parry found the Bay of the Hecla and Griper, in which he passed the 
winter, in N. lat. 74° 44' 20", and W. long. 110°, so completely covered with new ice by 
the middle of September, that his men were obliged to open a canal with saws to 
admit the passage of the ships ; an operation whicli occupied the greatest part of three 
days, during whicli tluy cut through more than two miles of new ice, the average thick- 
ness of which was seven inches. The sun left them on the 11th November, in a scene 
marked with death-like stillness, dreary desolation, and the total absence of animated 
existence. The silence was only interrupted occasionally by the sound of their own 
voices, which could easily be heard at the distance of a mile, owing to the peculiar state 



of the atmosphere, and the uhsence of all obstruction in a scene of universal calm. At the 
shortest day, or rather what in tliat latitude is the middle of the long night, there was a 
little light afforded at noon, so that print could be read, but only by turning it directly 
towards the south. On February dd the upper limb of the sun was seen from the Hecla's 
main top, after an absence of eighty-four days; and on the 7th of the month his full orb 
was above the horizon. It was not, however, till the 30th of April that the thermometer 
rose to the freezing, or rather tliawing point, having been below it for nearly eight months. 
The first ptarmigan made its appearance on the 12th of May ; the first shower of rain in the 
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evening of the 24th ; and on the 1st of June the indications of approaching summer were 
unequivocal. Upon the return of the sun, and as the power of his beams increases, the 
bonds which connect the masses of ice with the land are dissolved ; and the ice itself 
broken up into a thousand fragments of various size and thickness, is set afloat upon the 
sea under the direction of the winds and currents. The genend course of the north polar 
current is at first south-south-west, passing through the narrow sea which separates 
Iceland from Greenland, and after a deviation into Davis’s Strait, descending upon the 
shores of Labrador and Newfoundland. It then proceeds to the south-east, reaches the 
centre of the Atlantic, and is lost in the gulf stream. It is by this current that the ice 
of the northern regions is borne to the south, far away from the place of its birth, where 
it is rapidly dissolved by the warmer temperature of the water and of the atmosphere. A 
slight attention to the direction of this current will at once explain the non-appearance of 
the polar ice off the northern shores of Europe, though at a much higher latitude than 
that which it visits in the heart of the ocean. If its course at first was south, or south- 
east, large masses would be impelled to the coasts of Norway and Scotland, and make 
their appearance in the German Ocean ; but as it sets in to the south-west, these districts 
are kept free from their presence, and they are conducted along the other side of the 
Atlantic. 

The masses of ice by which the ocean is thus traversed assume a vast variety of shapes, 
but may be comprehended in two general classes. The first consist of sheets of ice, 
analogous to those which annually cover the lakes and rivers of northern lands. They 
present a surface which is generally level, but here and there diversified by projections, 
called hummocks^ which arise from the ice having been thrown up by some pressure or 
force to which it has been subject. Sheets of ice, which are so large that their whole 
extent of surface cannot be seen from the mast-head of a vessel, arc called fields. They 
have sometimes an area of more than a hundred square miles, and rise above the level of 
the sea from two to eight feet. When a piece of ice, though of a considerable size, can 
be distinguished in its extent, it is termed a floe, A number of sheets, large or small, 
joining each other, and stretching out in any particular direction, constitute a stream. 
Captain Cook found a stream extending across Beliring’s Straits, connecting eastern 
Asia with the western extremity of North America. Owing to the vast extent of some 
fields of ice, they would undoubtedly be conducted to a lower latitude in the Atlantic 
before their dissolution, under the influence of the warmer climate, but for the interven- 
tion of other causes. It frequently happens that two masses are propelled against ea<di 
other, and are both shivered into fragments by the violence of the concussion. The ordinary 
swell of the ocean also acts with tremendous power upon a large tract, especially when it 
has been so thawed as to have become thin, and breaks it up into a thousand smaller 
pieces in a very short period. The danger of being entrapped between two ice-fields 
coming into contact with each other is one of the perils which the navigator has frequently 
to ‘encounter in the northern seas ; and fatal to his vessel and his life has the occurrence 
often been, while in a vast number of instances escape has seemed almost miraculous. 

“ At half-past six,” says Captain Ross, relating his first voyagfi of discovery in the 
Isabella to the arctic regions, with Parry in the Alexander, “ the ice began to move, 
and, the wind increasing to a gale, the only chance left for us was to endeavour to 
force the ship through it to the north, where it partially opened ; but the channel was so 
much obstructed by heavy fragments, that our utmost efforts were ineffectual ; the ice 
closed in upon us, and at noon we felt its pressure most severely. A large floe, which 
lay on one side of the Isabella, appeared to be fixed ; while, on the other side, another of 
considerable bulk was passing along with a rapid motion, assuming a somewhat circular 
direction, in consequence of one side having struck on the fixed field. The pressure con- 
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thraliq^ It bectme douWiil whether the ship would be able tb sustmn it; 

GYety support threatened to give waj, the beams in the hold began to bend, and the iron 
tanks settled together. At this critical moment, when it seemed impossible for us to bear 
the accumulating pressure much longer, the hull rose several feet ; while the ice, which 
was more than six feet thick, broke against the sides, curling back on itself. The great 
stress now fell upon our bow ; and, after being again lifted up, we were carried with 
great violence towards the Alexander, which had hitherto been, in a great measure, 
defended by the Isabella. Every effort to avoid their getting foul of each other failed ; 
the ice-anchors and cables broke one after another ; and the sterns of the two ships came 
so violently into contact, as to crush to pieces a boat that could not be removed in time. 
The collision was tremendous, the anchors and chain-plates being broken, and nothing 
less than the loss of the masts expected : but at this eventful instant, by the interposition 
of Providence, the force of the ice seemed exhausted ; the two fields suddenly receded, 
and we passed the Alexander with comparatively little damage. A clear channel soon 
after op(*ned, and we ran into a pool, thus escaping the immediate danger; but the fall of 
snow being very heavy, our situation still remained doubtful, nor could we conjecture 
whether we were ev(*n yet in a place of safety. Neither the masters, the mates, nor those 
men who had been all their lives in the Greenland service, had ever experienced such immi- 
nent peril ; and tlu^y dcjclared, that a common whaler must have been crushed to atoms.” 

Captain Scoresby relates a similar narrow escape from destruction owing to the same 
cause. “ In the year 1 804,” he observes, “ I had an opportunity of witnessing the effects 
produced by the lesser masses in motion. Passing between two fields of ice newly formed, 
about a foot in thickness, they were observed rjipidly to approach each other, and, before 
(»ur ship could pass the strait, they met with a velocity of three or four miles per hour. 
The one overlaid the other, and presently covered many acres of surface. The ship 
proving an obstacle to the course of the ice, it squeezed up on both sides, shaking her in 
a dreadful manner, and producing a loud grinding or lengthcuicd acute tremulous noise, 
according as the degree of pressure was diminished or increased, until it had risen as high 
as th(^ deck. After about two hours the motion ceased, and soon afterwards the two 
sheets of ice receded from each other nearly as rapidly as they had before advanced. The 
ship in this case did not receive any injury; hut, had the ice been only half a foot thicker, 
she might have been wrecked.” Other navigators have not been so fortunate ; and the 
annual loss of whaling vessels in tlie polar sens is considerable, the Dutch having had as 
many as seventy-thret; sail of sliips wrecked in one season. Between the years 1669 
and 1778, In^tli inclusive, or a period of 107 years, they sent to the Greenland fishery 
14,167 ships, of which *'361, or about four in the hundred, were lost. Every one will re- 
member the intense and mournful interest wcasioned by the loss of the President steamer, 
which left New York in the year 1841 to crOvSs the Atlantic to our shores, but perished in 
the passage, without leaving a survivor to tell the story of her fate. It has been deemed 
highly probable that this vessel got entangled in the ice, and w as destroyed by collision 
with its masses ; for during that year, in tlie month of April, the Great Western steamer 
encountered a field extending upwards of a hundred miles in one direction, surrounded 
with an immense number of flws and bergs, and had great difficulty in effecting its pas- 
sage by this floating continent in safety. 

Another form under which the ice appears in the ocean is that of bergs, which differ 
from the ice-fields in sha[>e and origin. They are masses projecting to a great height 
above the surface of the wuiter, and have the appearance of chalk or marble cliffs and 
mountains upon the deep. They have been seen with an elevation of two hundred feet 
— a circumference of two miles ; and it has been shown by experiments on the buoyancy 
of ice fioating in sea water, that the pri)portion above the surface is only about one- 
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^eveath of the ihi<^ite88 of the whole masE During the first expedition of Boss, he 
found an iceberg in Baffin’s Bay, at the distance of seven leagues from the land, which 
was measured bj a party under Lieutenant Parry. Considerable difficulty was expe- 
rienced in the attempt to land, as, in rowing round the berg, they found it perpendicular 
in every place but one. When they had ascended to the top, w'hich was perfectly flat, 
they discovered a white bear in quiet possession of the moss, who plunged into the sea 
without hesitation, and efiected his escape. The party found the iceberg to be 4169 
yards long, 3869 yards broad, and 51 feet high, being aground in 61 fathoms. Its 
appearance was like that of the back of the Isle of Wight, and the cliffs resembled those 
of the chalk range to the west of Dover. The weight of this mass was calculated to 
amount to 1,292,397,673 tons. An iceberg examined by Captain Graah, on the east 
coast of Greenland, rose 120 feet out of the water, had a circumference of 4000 feet at 
the base, and its solid contents were estimated to be upwards of nine hundred millions of 
cubic feet. When viewed at a distance, nothing can be more interesting tlian the appear- 
ance of a considerable number of these formations, exhibiting an infinite variety of shape, 
and requiring no stretch of imagination to convert them into a series of floating towers, 
castles, churches, obelisks, and pyramids, or a snowy range of Alpine heights. No pencil, 
an observer' has remarked, has ever given any thing like the true effect of an iceberg. 
In a picture, they are huge, uncouth masses, stuck in the sea ; while their chief beauty 
and grandeur — their slow stately motion, the whirling of the snow about their summits, 
and the fearful groaning and crackling of their parts — the picture cannot give. The ice 
of the bergs is compact and solid, of a fine green tint verging to blue ; and large pieces 
may be frequently obtained, cnjual to the most Ixwiutil’ul crystal in purity and trans- 
parency. It is stated by Scoresby, that with a portion of this ice, of by no means regular 
convexity, used as a burning lens, he has fre(iucntly burnt wood, fired gunpowder, melted 
lead, and lit the sailors’ pipes, to their no small astonishment, the ice itself rcinaitnng in 
the mean while perfectly firm and pellucid. 

The great distinction of icebergs from sheet ice, besides that of shape, is, that they are 
fresh-water formations, have their origin upon the land, and are identical with the 
glaciers of the Alps and Himalaya. Tht^^ are formed by the congelation of the fresh 
water that pours annually from mountains of snow under the action of the solar rays, and 
have their principal birth-place on the eastern shores of Greenland, and along the 
coasts of Spitzbergen. In treating of glaciers, the undoubted fact of their motion was 
referred to, with the circumstances which give rise to it. In relation to those of the 
Alps, an attempt has been recently made to ascertain the rate of the movement by IVo- 
fessor Forbes, who arrived at tlui following results with refertuice to part of the Mer de 
Glace, at Montanvert, near C’hainouni ; — 


From June 29th to Sept. 28th 


- 1 32 feet 

Oct. 10th to Dec. 1 2th 


- 70 

Dec. 12th to Feb. 17th 


- 76 

Feb. 17th to April 4th 


66 

April 4tli to June 8th 


88 

432 

To this Professor Forbes adds for 
observation was taken 

the time in which 

no I 

il 

483 


The annual movement of the glacier may therefore be estimated at nearly five hundred 
feet. By a similar slow yet sure progress, those of the northern regions, formed along 
the coasts, advance to the sea, where enormous blocks are broken off by the action of the 
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waves, and set afloat as icebergs. The shores of Spitsbergen, literallj the Peaked Moun- 
tains, Condst of conical elevations rising abruptly from the sea to a height of between 
1500 and 8700 feet, which are separated from each other by narrow valleys opening 
towards the ocean, all of which are occupied by glaciers. This is the physical condition 
also of the east coast of Greenland, and of various parts of its western shores, which toge- 
ther are supposed to present a breast-work of ice to the play of the waves upwards of 
600 miles in length. The separation of masses from the main body, by the undermining 
and wrenching power of the sea, has often been witnessed by the Danish residents in that 
region ; and the calving of the glacier is a phrase commonly applied by the natives to the 
operation. Henderson gives an interesting description of the arrival of these immense 
fragments at Iceland, drifted from a more northern latitude. They are sometimes seen 
moving towards the coast, not unfrequently piled one above another, more resembling 
islands, with mountains, castles, and spires, than bodies of ice. They have been known 
to run aground in five hundred feet of water. Their motion, when accelerated by the 
wind and current jointly, is often so great that no six-oared boat is able to keep up with 
them. During the agitation of a storm, the icebergs are dashed against each other in the 
most tremendous manner ; the noise arising from the crash is heard at a great distance ; 
and it has occurred that drift timber, jammed in between the masses, has taken fire from 
the friction, presenting a scene the most incongruous that can possibly be imagined. The 
arrival of th<5 drift ice produces a great effect upon the climate, the thermometer sinking 
several degi’ees; and the Greenland bear is often a passenger with it, to the terror of the 
natives ; for, having been long at sea, the natural ferocity of the animal is strengthened 
by the keenness of hunger. 

The constitutiim of icebergs, and the immense distances to which they are transported 
from the scene of tludr birth by the oceanic currents, are thought to offer a solution to a 
common geological phenomenon. This is the occurrence of erratic blocks, or boulders, 
isolated fragments (if rock, which have no identity with those of their immediate site, nor 
with any to be found within hundnjds of miles of the place of their deposition. Blocks 
of granite of extraordinary magnitude lie upon the limestone slopes of the Jura range of 
the Alps ; and some parts of England, and the great level to tin; south of the Baltic, are 
strewed with pieces of primitive rock, of a nature kindred to that of the mountains of the 
Scandinavian peninsula. DilUuHuit explanations have been given of the means by which 
these erratic blocks have be(*n convt*yed from their native beds to their present sites ; 
and, with gn^at probability, they have been rcfijrrcd to the agency of icebergs, or drifting 
glaciers. Almost every ice formation of this kind in the Alps is found thickly covered 
with rocks and drhris^ whicli have b(*en disintegrated by the action of frost and thaw, 
heat and cold. Tln^y are carried along with the glaciers in their downward course, and 
quietly deposited upon the levels and slopes of the lower valleys on the melting of their 
icy vehicles. The glaciers of the polar regions present precisely the same features. 
They are precipitated into the ocean ladcm with strata of earth and stones, or with rocky 
masses of great size, which are transported by them into lower latitudes, and are finally 
strewed upon the floor of the great d(»ep, upon the dissolution of the icebergs. Captain 
Scoresby mentions having seen some far from land in the polar seas, which supported 
fragments of rock and soil, conjectured to be above fifty thousand tons in weight. Let 
but the bed of the sea where these fragments are deposited be elevated, so as to become 
dry land, — a change which we know has taken place with reference to large tracts of the 
present surface of Europe, — and erratic blocks would be exposed to the eye of the spec- 
tator, similar to those w^hich now cover the sandy plains of Pomerania. 

It is easy to conceive of the incessant vigilance and practical skill which the navi- 
gation of the polar seas requires, in order to be conducted without a fatal catastrophe. 



TH£ OCEAN. 


843 


Beset with ice fields, bergs, and floes, often in fogs by day, and subject to the long 
nights of those high latitudes, not all the experience and resources of the commander can 
avert situations of imminent peril and apparently inextricable difficulty. Seoresby 
relates a remarkable instance of this kind. Having moored his vessel to a floe, during a 
gale, attended by a heavy fall of snow, he states : — “ About 6 p. m. the snow became so 
thick that we could scarcely see a hundred yards distinctly, and the wind was, if possible, 
more furious. Two small icebergs now appeared setting towards the ship ; but as they 
were not of a magnitude sufficient to endanger us without auxiliary pressure, we 
quietly awaited their approach. The first, which w^as about thirty-six feet above the 
level of the sea, struck the ship on the starboard quarter, and turni'd her broadside to the 
wind; it then slipped clear, without occasioning us any damage wliatever. The second 
iceberg approached us with more alarming rapidity ; but as we had not the power of 
getting clear of it, we were obligcnl to receive the shock upon whatever part of tlie ship it 
might chance to fall. It came in contact with the rudder, and slightly bruised one of its 
timbers; then grazing the ship’s quarter and broadside, it passed foiward to tlie bow^s, 
and being fortunately k(jpt from close contact aloft by a tongue projecting from its base, 
it cleared all our boats. At this juncture, wdicn the ship was so much involved with ice- 
bergs as to render casting off impracticable, had the state of the W'eather jiermitted it, 
two floes came in sight from dilliu'ent (jiiarters. One of them ajipeared to he rapidly 
closing uj)on us from the west, and the other from the south, wdiich wdlh tlu! floe that we 
were moored to, occupying the eastern quarter, almost eompletidy loc^ked us in. 'Jo 
secure ourselves as far as possible against the crush whicrh now aj>p(Mired certain, we 
fastened by a luiwser a large heavy piece of ice ahead of tlu* ship wluu'c the floes threat- 
ened tlie first contact, with tin* view of subjecting tlu* iuter})Osed mass to the pressure, 
and with the hope of being then defended from partaking of it. Tlu* lii st sIuK*k of the 
floes was sustained by this mass with full eileel, and for some time aft(*rwards all things 
seemed quiet and safe. Suddenly, how^ever, tlu*, {)r(*ssure was rmu*\v(‘d, in (*,onH(*(ju(*,nee, 
it was supposed, of some new stop[)age. to the drift of the Hoes, with t(*nf()ld violence. 
Our harrier was s(jueezed deeply into tlui floe, and prodigious blocks of ice w ere broken 
oft* and raised uj) by tlie pressure. While we contemplated their mighty eHects with 
much anxiety, tlie berg wdiieh shortly before had passed the ship h(*gun a revolving and a 
retrograde motion, so (piiek as to overtak(! us ludbre we (*ould get the rop(*s off to slack 
astern, and suddenly nipped the ship on the larboard luiani and how against the floe by 
which wc rode. Tlie force was irresistihh* : it thrust tlie ship eomjilctely upon a broad 
tongue (or shelf under vvatt*r) of the floe, until she was fairly grounded, and eontinued to 
squeeze her rapidly up the inclined plane formed by the tongue, until tlu^ ic(* eaiiu*, in 
contact beneath the keel. This was the work of a few- moments, and in t<*M miimtes all 
was again at rest. When tlie pressure ceas<!d, we found lliut the shi[) liad risen six or 
eight feet forward, and about two feet uhal't. 

“ The floe on the starboard side was about a mile in diameter and forty ft*et in lliiekness, 
having a regular wall-side of solid ice five feet in lieiglit above tlu* sea ; on the tongue of 
this the ship was grounded. The iceberg on the larboard side was about Iwtmty feet 
high, and was in contact with the railing of the bows, and with the gunwale and channel- 
bends atnidship. This berg w'as connected with a body of floes to the westward, several 
leagues in breadth. The only clear sj>n<*e was directly astern, where a small interstice 
and vein of water w'as produced by the intervention of the bergs. Any human exertion 
for our extrication from such a situation was now in vain, tlu*. ship being firmly cradled 
upon the tongue of ice w^hich sustained lier weiglit. Every instant we were apprehensive 
of total destruction, but the extraordinary jiosition of the ice beneath her was the means 
of her preservation. The force exerted upon the ship to place her in such a situation 
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itiitit been rtry idolent. Two or three sharp cradcs were heaivi at the 

tibia lifted, and a piece of plank, which proved to be part of the false ked, 

floated up by the bower, bat no other serious injury was yet discovered. 
OiW dtoation, however, was at this time as dangerous and painful as possilfle. Every 
sibmeflt t^ us with shipwreck, while the raging of the storm, the heavy bewildering 

fliB of tieet and snow, and the circumstance of every man on board being wet to the skin,, 
rendered the prospect of our having to take refuge on the ice most distressing. We 
remained in this state of anxiety and apprehension about two hours. On the one hand 
we feared the calamity of shipwreck ; on the other, in case of her preservation, we looked 
forward to immense diiRculties before the ship, so firmly grounded, could be got afloat. 
While I walked the deck under a variety of conflicting feelings, produced by the antici^ 
pation of probable events, I was suddenly aroused by another squeeze of the ice, indicated 
by the cracking of the ship and the motion of the berg, which seemed to mark the moment 
of destruction. But this renewed pressure, by a singular and striking Providence, was 
the means of our preservation. The nip took the ship about the bows, where it was 
received on a part rendered prodigiously strong by its arched form and the thickness of 
the interior fortifications. It acted like the propulsion of a round body squeezed between 
the fingers, driving the ship astern, and projecting her clear of all the ice fairly afloat 
witli a velocity equal to that of her first launching ! ” 

The year 1 830 was one of the most disastrous ever known in the navigation of the 
northern seas, happily not for the loss of life, but of the ships employed in the whale 
fishery. A group of vessels consisting of the St, Andrew of Aberdeen, the Baffin and 
the Rattler of Leith, the Eliza Swan of Montrose, the Achilles of Dundee, and the Ville 
de Dieppe from that port, while entangled with icebergs and floes, encountered a violent 
gale, which drove in upon them the stupendous masses. On the evening of the 24th of 
June, the ships were ranged in a line stem to st(;rn, pressed on each side by the ice, when 
the tempest arose that sealed their fate. In little more than a quarter of ah hour, the 
Baffin, Achilles, Ville de Dieppe, and Rattler were crushed into fragments by the huge 
floes which the storm dasluid against them, the noise of the ice rending asunder and 
splintering their timbers, the. falling (d* the masts, and the cries of the sailors compelled 
to betake themselves to the frozen surfaces as their only refiigt*, forming a scene easier to 
imagine than describe. Another frightful tempest on the 2nd of July, accompanied with 
showers of hail and snow, accomplished in a similar manner the destruction of several of 
their companions. “ The. dark and fearful aspect of the sky gave warning of approach- 
ing danger. At seven in the morning a signal of distress was hoisted by the William of 
Mull, and in a short time she ap[)eared almost buried under masses of ice. About ten, 
the North Briton was reduced to a complete wreck ; and at eleven the Gilder was in a 
similar predicament. During six hours the storm slightly abated, but returning after 
that interval with augmented fury, pressed the ice with additional force upon the Alex- 
ander of Aberdeen and the Three Brothers of Dundee — two fine vessels, so strongly 
built that an observer miglit have supposed them capable of withstanding any shock 
whatever. They made accordingly a very stout resistance. The conflict was dreadful, and 
>vas beheld with awful interest by the sailors as they gazed around. At length their timbers 
gave way at every point — the sides bursting open, the masts crashing and falling with 
an astounding noise : the hull of the Three Brothers was so much twisted, that the two 
ends of the ship could scarcely be distinguished ; finally, only some broken masts and 
booms appeared above the ice. The crews, spectators of this awful scene, gave three 
cheers in honour of the gallant resistance made by their vessels to the overpowering 
element by which they had. been vanquished.” This was a verification of one of Parry’s 
remarks, that a ship, even the strongest that can be built, becomes like an egg-shell when 
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exposed to the fbll force of the agency in question. Nearly a thousand seamen, during 
this season of peril, were obliged by ^e wreck of their vessels to commit themselves to 
the ice, saving what food and clothing the time admitted of being preserved, and were 
ultimately brought off in safety by other vessels. 

The ** deep sea fryseth not.” This was a notion of the ancient mariners, once held, too, 
by some of ihe learned, on the ground of its saltness, but sufficiently refuted by modern 
observation. In the severe winter of the year 1348, the ocean was completely frozen over 
around Iceland, so as to admit of the inhabitants riding on horseback from one promontory 
to another at some distance from the shore. It is found that sea-water, containing the 
ordinary quantity of saline ingredients, freezes at the temperature of about 27° Fahren- 
heit, five degrees below the freezing point of fresh water ; but as the arctic winters vary 
in their severity, like those of the temperate zones, some seasons being comparatively 
mild, the amount of ice formed varies correspondingly. Hence some navigators have 
found the sea open at one period, where to others it has presented an impassable icy bar- 
rier at the same season in a different year, and the latter have found it impossible to 
penetrate to the high latitudes reached by the former. Several of the early adventurers 
to the polar seas succeeded in advancing to extreme northerly points. Davis, in lt587, 
attained to the latitude of 72® 12'; Baffin, in 1616, to 78°; Hudson, in 1607, to 81°; and 
Captain M‘Cullam, in 1751, to where he found the sen still open to the north. 
This was remarkably the case in the year 1754, when Captain Wilson passed through 
floating ice between the latitudes of 74° and 81°, where he ibund a completely clear sea, 
and advanced as high as 83°. During the same year, a southerly wind, which blew for 
several days, carried Mr. Stephens from the coast of Spitzbergen ; and he actually reached 
the latitude of 84 4°, meeting with very little ice in his passage, and experiencing no 
excessive* cold. The elder Scoresby, in 1806, attained the latitude of 81° 50'; but, in 
the year succeeding, he was unable to pass beyond 78 J°. The obstacles presented by the 
ice have hitherto prevented the northern coast-lino of America from being traced by 
sea ; but there can be little doubt of the fact that the north-west passage from the 
Atlantic to the Pacific will be effected, though it can never be productive of any prac- 
tical benefit to commerce, but is simply a point of geographical interest and scientific 
importance. 

Of the two principal basins in which the waters of the ocean chiefly roll — the Atlantic, 
and the Pacific — the coast line of the former is the most extensive, though its superficial 
area is far less than that of the latter. 


European shores of the Atlantic from the Strait of Waigatz between the island of that name 

and the main land of Archangel, to the Strait of Kaflu, at the entrance of the Sea of Azov 1 7,000 miles. 
Asian shores along the Black Sea, the sea of Marmora, and the Mediterranean Sea - 3,000 

African shores along the Mediterranean ----- 2,000 

West African sliores from the Straits of Gibraltar to the Cape of Good Hope - - «,000 


Whole eastern shores of the Atlantic - - - - 

American shores of the Atlantic, including Greenland as a part of the continent, though 
probably incorrect - - - - - - - 

Whole coast line of the Atlantic ------ 


28, (XX) 
20,000 
48,000 


American shores of the Pacific Ocean from Cape Horn to Behring’s Strait - - 11.000 


Asian shores of the Pacific 

- 

- 

. 

- 

- 

- 24,500 

African shores of the Pacific 

- 

- 

- 

- 

- 

- 6,000 

Whole coast line of the Pacific 

- 

- 

• 

- 


- 41,500 


The greater geographical extent of the outline of the Atlantic is due to its numerous 
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projections into the land, especially in its northern regions, where it forms many mediter- 
ranean, or close seas, of immense size. This feature of its basin confers important 
advantages upon the nations that occupy its coasts, facilitates inter-communication, and 
has contributed in no slight degree to their superior civilisation. It is now the great 
highway of the world’s commerce, has constantly property amounting to many millions 
in value upon its surface, and day and niglit the lives of thousands are at the. mercy of 
its winds and waves. According to Humboldt, the form of tlie Atlantic basin is that of 
a longitudinal vallt;y, whose projecting and retiring angles correspond to one another. 
Theorising with reference to its origin, he refers it to a very violent rnsli of the waters 
from the south, which, ufion being obstructed in their course by the Brazilian mountains, 
took an easterly direction, and scooped out that remarkable indentation of Africa now 
forming the Gulf of Guinea. He supposes, that being stopped by the high coast of 
Upper Guinea, the stream ran again to the west, and gave origin to a similar indentation 
of the American shore, now occupi(*d by the waters of the Gulf of Mexico ; and issuing 
thence, it pro(!e(*dcul l)ctw(*.(*n the mountains of Western Europe and those of North 
Ameriea, gradually diminishing in its velocity and force, until it at length subsided. We 
have had oeeasion before to remark upon tlie striking configuration of the oast and west 
Bi<lcs of the Atlantic, as though its continental shores had once been united, and been 
riven asunder by some grand catastroj>he. 

The Mediterranean arm of the Atlantic is its most important branch, extending through 



F 




.<»r» . 






The ^gean Sou from jEgina. 


of longitude. No second example occurs of the 
ocean penetrating inland to such an extent, or one at all 
comparable with it, lliis was the Great Sea of the ' 
ancients, a title which proclaims their limited knowledge 
of physical geography. It is, however, an ocean en petit, 
daily becoming of greater commercial and political im- 
p(»rtunce, since the overland route through Egypt to the 
East has been established. In no other part of the 
globe is there such a variety of coast -line within a few 
days' sail— tlie ricli landscapes of Spain, the hot stony I 
pavement of Libya, the sandy plains of the Nile, the 
volcanic shores of Italy and Sicily, the bold southern 
heights of Asia Minor, the rugged promontories of the Greek peninsula, and the white 
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marble cliffs of its archipelago of islands. Nothing can exceed in beauty the scenery of 
the Grecian seas, whether by the Ananes rocks rising perpendicularly from the deep 
like the coral reefs of the Pacific, or in the gulfs of Corinth, Naiiplia, and Angina, or 
passing between Samos and the mainland of Asia, or breasting the current of tlie 
Dardanelles and the Bosphorus. A remarkable feature of the Archipelago is the great 
depth of its water — a line of 1200 feet generally finding no bottom at the distance of 
less than a mile from the shore, and one of 2400 feet failing to reach it in some parts 
of the Gulf of Nauplia. The Mediterranean shows also an immense depth in other 
places ; that of from 30(X) to 6000 feet between Spain and Italy, while the deepest 
part of Dover Straits is only 156 feet; of the Baltic, 600; of the North Sea, south of the 
Shetlands, 840 ; and in very few points between Europe and America does tlie Atlantic 
exceed 1800. Another peculiarity of the Mediterranean is the dej>ression oi its level 
below that of the Atlantic and tlie Black Seas, arising from a prodigious evaporation, 
which is supposed to carry off three times the amount of water brought into it by the 
rivers. Hence there is a constant current setting into it from the Atlantic through the 
Straits of Gibraltar, and from the Black Sea through the Dardanelles. Eveiy thing, as 
Humboldt observes, that relates to the formation of this sea, which has had so powerful 
an influence upon the first civilisation of mankind, is highly interesting. Ascending from 
its shores, in his journey through Spain into the kingdom ol‘ Valencia, towards the lofty 
plains of La Mancha and the Castiles, he hailed far inland, in the lengthened declivities, 
indications of the ancient coast of the Peninsula. The physical aspect of the r(‘.gion 
recalled the traditions of the Samothracians, and other historical testimonies, according to 
which the bursting of the waters of the Euxine through the Dardanelles augmented the 
basin of the Mediterranean, then a lake, and overflowed the southern part of Europe. 



The Mouth of the RohiiIiomih. 

The central elevated plain of Spain was a barrier to the iniimhition on tin* one hand, till 
the Pillars of Hercule.s were rent asunder by the force, of the ihxKl, when tin* draining off 
of the waters, through the intervening strait that was formed, hroiight the Mediterranean 
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progresBively to its present level, while Lower Egypt emerged again from its surface on 
the one side, and the fertile valleys of Tarragon, Valencia, and Murcia on the other. 
This is not a modern geological reverie, but the opinion of the ancient geographers, 
Strabo and Eratosthenes, founded upon the configuration of the land, and a traditional 
report of some great catastrophe in early ages, to the occurrence of which a different sen- 
timent, which impressed the mind of antiquity, still points, that the irruption was made 
by the waters of the Atlantic. 

The Phoenicians — the earliest known navigators of the Mediterranean — are said to 
liave come, in thirty days’ sail, with an easterly wind, to the “ weedy sea.” This is a 
modern denomination of the Atlantic, Mar de Sargasso, in the language of the Spanish 
and Portuguese sailors. The occurrence of floating sea- weed, Fucus natans, is one of its 
peculiarities. It is found in immense quantities, in two separate regions of the Atlantic, 
covering the ocean like a mantle, a little to the west of the meridian of Fayal, one of the 
Azores, between 2d° and 36° of latitude, where it forms a vast marine meadow. The 
other region occupies a smaller space between lat. 22° and 26°, and about long. 70° and 
72°, two hundred and seventy-six miles to the cast of the Bahamas. Though there is 
a species of sea-weed, observed by Lamouroux, with stems upwards of eight hundred 
feet long, yet, in the latitude stated, the weed is not fixed to the bottom, but floats in 
separate masses on the surface of tlie water. It owes its origin doubtless to submarine 
rocks, which continually replace at the surface what is carried off by the equinoctial cur- 
rents, the growth of marine cryptogarnia being extremely rapid. There is some obscurity 
resting upon the manner in which these weeds are uprooted, at depths where it is gene- 
rally thought the sea can only experience a very slight agitation. Lamouroux, however, 
observes, that if the fuci adhere to the rocks with the greatest firmness before the display 
of fructification, they separate with great facility after that period ; and, added to this, 
the fish and the molluscas gnawing the stems may contribute to the separation in ques- 
tion. Humboldt observed a vine-leaved fucus vegetating at the bottom of the ocean, at 
the depth of 192 feet, notwithstanding which its leaves were as green as those of our 
grasses. He estimated that, at such a depth, the fucus could only have received light 
equal to half of that supplied by a candle at the distance of a foot. This fact, and others 
of a kindred nature, ofier formidable difficulties to the common opinion, that absence of 
light must always produce blanching ; and clearly indicate that it is not under the influ- 
ence of the solar rays alone that the carburet of iron is formed, the presence of which gives 
the green colour to the parenchyma of plants. Upon a scale equally grand and extensive, 
the ocean exhibits the boundless profusion of creative power, in the animal as well as the 
vegetable life, of which it is the repository. There is a portion of the Greenland sea 
occupied by microscopic Medusan races, to an extent of not less than twenty thousand 
square miles ; yet Scoresby estimates that two square miles must comprehend 
23,888,000,000,000,000 of these creatures — a number which he illustrates by observing, 
that to count it would require 80,000 persons, and a period equal to the interval between 
the present and the Creation. 
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CHAPTER IX. 

TIDES AND OCEANIC IIIGIIWATS. 


HEUE are various movements to which the 
waters of the ocean are subject, which are 
of* "reat importance to navigation, and of 
high interest to the physical enquirer. They 
are chiefly the effect of external causes of 
disturbance, eitlier atmosplieric or astro- 
nomical, which operate with mighty tliough 
changeful energy upon the yielding fluid. 
Waves, tides, and currents are three dis- 
tinct forms under whicli its principal agi- 
tations appear. As water is susceptible of 
impression from the sliglitcst force, the 
c<juilibrium at the surface is disturbed by 
the aerial currents in contact with it, and 
upon the particJi^s of the fluid being dis- 
jdaced, the adjoining particles immediately 
rush in to restore the balance* The cause continuing to act, the effect follows, in accord- 
ance with its duration and potency. In this manner waves are formed, from the power 
of the atmosphere in a state of motion, displacing the surface waters, and their own 
tendency to preserve an equilibrium. As the force of the wind varies, its impression 
upon the ocean varies proportionately. A gentle breeze wrinkles the surface ; a brisk 
gale produces undulations which rock to and fro the largest vessels upon their bosom ; a 
storm creates waves of enormous volume and appalling violence. These agitations of the 
sea may be compared to the waving of a forest, or of a field of grain, where commotion is 
displayed, apart from any continuous onward movement They have far less resemblance 
to the motion of a river current. In a field of corn, under the action of the zephyr or a 
high wind, we see waves formed by the bending tops of the corn, apparently chasing one 
another across the field, yet without any advancing motion of the parts that form them. 
In like manner, the motion of waves of water is not necessarily accompanied by a cur- 
rent in the same direction, and though a continuous high wind produces this effect, the 
progress of the water is at a very slow rate, and has no correspondence with the impres- 
sion which its outward aspect makes u{»on the mind of the spectator. The proof of this 
may be easily obtained, by throwing any light substance into the sea, a little beyond the 
breakers, or into a piece of standing w'ater, the surface of which is ruffled. Such a float- 
ing body will rise and fall with the motion of the waves, but make little perceptible 
advance towards the shore. 

Waves vary in their heiglit, form, velocity, and extent. These diversities depend 
upon the depth of the sea, tlie size of its basin, and the force of the wind, A wave-sum- 
mit produced by a breeze from the land, maintains constantly the same height while the 
impulse is the same ; but the heights increase according to the distance from the shore. In 
open seas, where the wind blows upon the water in a parallel manner, through a consider- 
able tract, the weaves are generally in the shape of straight and long furrows ; but in more 
confined situations, they appear in short straight lines, or in arcs of circles, according to 
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the configuration of the coasts, and their contiguity. When the wind blows fresh, the 
motion of the waves not being sufficiently quick, their thin and light tops are impelled 
forward and broken, falling upon their own slopes in a torrent of white foam, particles 
of which, in the form of spray, are carried to a vast distance by the gale. It is no un- 
common circumstance during a violent gale, for pei’sons far inland to be sensible of a 
saline impregnation in the atmosphere, the spray of the waves, which have been torn by 
the blast. In severe tempests, enormous volumes of water are accumulated in ridges, 
which literally consist of wave on wave ; for owing to the permanence of the wind, its 
action will raise a second upon the first, and a tliird upon the second, in tlie same manner 
as it raised the first upon the flat surface of the water. From a number of exi)eriments, 
and the experience of divers, it apjjcars that the disturbance of the sea by the action of 
the winds, extends but a comparatively small way below the surface. The observations 
of the Committee appointed by the British Association in 1836 show that, with a depth 
of water equal to 12 feet, waves nine inches high and four or five feet long did not sen- 
sibly aflect the water at the bottom ; and probably at the depth of 200 feet the sea is 
undisturbed in the roughest weather. After the subsidence of the wind which has put 
the surface in motion, waves continue to roll for some hours, upon the principle of the 
pendulum swinging for some time after it has received an impulse. Hence in a com- 
pletely calm state of the atmosphere, the ocean exhibits a great undulatory movement, 
called the swell, which seldom entirely dies away, before the action of the disturbing cause 
is renewed. The swell proceeds from the combined influence of winds and currents, and 
upon the mighty oscillation being checked in its career by sand banks, or a rocky coast, a 
roaring and violent surge is produced. Such is the surf‘ at Madras, caused by the swell 
of the ocean across the Bay of Bengal, a sweep of nearly five hundred miles, coming into 
contact with the shore, where it exhibits the “ wild waves^ play>” whose voice is heard 
far over the level plains of the Carnatic. It frequently occurs, that while the swell is 
advancing in oni; direction, tin; wind is blowing from an opposite quarter, or the wind 
suddenly chops about, or the surface of the ocean receives impulses in various directions 
from different bre(;zes ; and in any of these cases, a series of compound waves is produced, 
and the aspect of the deep becomes complex in the extreme. 

The Sound at Plymouth was formerly exposed to a heavy swell occasioned by the 
80Uth*west gales, incommoding and endangering the shipping of that great naval arsenal ; 
but this has been remedied by the construction of the Breakwater, one of the most stu- 
pendous undertakings ever accomplished by the genius and power of man. 

“ The billows sleep 
Within the shelter of a wondrous pile 
Of man's best workmanship — that new-made isle, 

That marble isle — brought piecemeal from the shore. 

To break the weltering waves, and check their savage roar.*" 

The Breakwater is a harrier or dyke, nearly a mile in length, raised above the surface of 
the water, and stretching across the Sound so as to leave entrances at both ends. It was 
formed by an immense quantity of large stones, quarried from some limestone hills, which 
were shipped in vessels specially constructed for the purpose, and precipitated into the 
sea at the spot where it was proposed to keep the waves at bay. About fifty vessels 
were employed in this service, by which were deposited in the year 1812 about 16,000 
tons of stone; in 1813, 71,000; in 1814, 240,000; in 1815, 264,000; in 1816, 300,000; 
the whole quantity amounting to nearly 40,000,000 cubic feet. Baron Dupin inspected 
this extraordinary work while in progress, and enthusiastically records the impression 
made upon his mind by the ** order, regularity, and activity which reign throughout all 
the operations; the embarking and disembarking of the materials; the working and 
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placing of the enormous blocks wliich form the upper part of the breakwater; the diffi* 
culties conquered by the dexterity and ingenuity of the workmen ; the transport of the 
blocks, and, above all, their extraction from the quarries. AVheii we visit the workshops 
of the artificers and the operations of the quarry-men,” lie coiitiiiii(‘s, “ it is admirable tO 
observe man, so weak and so feeble, manage at his will the enormous masses ho has 
detached from their beds, in order to precijiitate them into the ocean, to form other hills. 
The roads formed in the air for the transport of the uselt‘ss earth and broken fragments; 
the lilies of cranes and their combined labour; the movements of the carriages; the 
arrival, the loading, and the departure of the vessels — jiresent to the (‘ye of an admirer 
of gr(‘at works and ol the mechanical arts, one ol‘ tlu^ most })leasing and imposing spec- 
tacles it is possible to cont(‘mplat(^” The artificial barrier has answered the purpose 
lor which it was eonstruetc.-d, as admirably as if a natural ram] >art of rock occupied its 
site ; and Plymoutli Sound is now a safe and convenient roadstead for the larg(‘.st men- 
of-war. 

Th(^ effect attributed to “ a soft answen*,” the moderation of wrath, has frequently 
been illustrated by a reference to the action of oil iqum waves. From the time; of l*lu- 
tarch and Fliny, who relate, that the mai-iners of their day were accustomed to still waves 
in a storm by pouring oil into the sea, it has passed current in pojmlar s])ecch, that this 
effect by such means may be produced, and though treated with discredit in modern 
times, exjieriment proves that there is some truth in the statement. Among the facts 
rejKirted in favour of it, the following occurs in a letter to Count llentinck from M. Ten- 
gragel, dated Batavia, »Ian. otli, 1770: — “Near the islands Ikiul and Amsterdam wo 
met with a storm, which had nothing particular in it worthy of being communicated to 
you, except that the captain found himself obliged, for greater safety, in wearing the 
ship, to pour oil into the sea, to prevent the waves breaking over her ; whi(‘.h hud an 
excellent effect, and succeedexl in pres(irving us. As he jmured out but a little at a time, 
the East India Company otV(!S perhaps its shiji to only six demi-aumes of olive oil. 1 was 
present upon deck when this was done, and I should not have mentioned this circum- 
stance to you, but that we have found people here so ])n*judiced against the (experiment, 
as to make it necessary for the officers on board, and myself, to give a certificate of the 
truth on this head, of which we made no difficulty.” It was the jiracticc of the fishermen 
of Lisbon, when about to return into the river, if they saw before them too great a surf 
upon the bar, which they apprehended might fill their boats in passing, to empty a bottle 
of oil into the sea, to suppress the breakers. Previous to the time of Franklin, no man 
of science made experiments upon the subject ; but his attention was called to it by a 
circumstance which he thus narrates: — “In 1757, being at sea in a fleet of ninety-six 
sail bound for Louisbourg, I observed the wakes of two of the ships to be remarkably 
smooth, while all the others were ruffled by the wind, which blew fresh. Being puzzled 
with the differing appearance, I at last pointed it out to our captain, and asked him the 
meaning of it. ‘The cooks,’ said he, ‘ have, 1 suppose, been just emptying their greasy 
water through the scuppers, which has greased the sides of those ships a little;’ and this 
answer he gave me with an air of some little contempt, as to a person ignorant of what 
everybody else knew. In my own mind I at first slighted his solution, though I was not 
able to think of another.” The issue of one of Franklin’s experiments upon a pond on 
Clapham Common, is detailed in a volume of the Philosophical Transactions. After 
dropping a little oil into the water, he statcjs : “ I saw it spread itself with surprising 
swiftness upon the surface, but the effect of smoothing the waves was not produced ; for 
I had applied it first upon the leeward side of the pond, where the waves were largest, 
and the wind di*ove my oil back upon the shore. 1 then went to the windward side, 
where they began to form ; and there the oil, though not more tlian a tea-spoonful, pro- 
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duced an instant calm over a space several yards square, which spread amazingly, and 
extended itself gradually till it reached the lee-side, making all that quarter of the pond, 
perhaps half an acre, as smooth as a looking-glass.” Franklin again experimented at the 
entrance of Portsmouth harbour, opposite to Iloslar hospital, in company with Sir 
Joseph Banks, Dr. Blagdcn, and Dr. Solander, where the waves, though not destroyed, 
were reduced to culm and gently swelling undulations. It seems evident, therefore, 
that the mollifying effect attributed to the action of oil upon disturbed waters is not 
without some foundation. Though the course of large waves is not arrested by it, for 
these have acquired a power of oscillation independent of the force of the wind, yet 
it will smooth their surface, and perhaps prevent their formation altogether under 
the influence of but a gentle breeze. “ I imagine,” says Franklin, accounting for the 
effect, ** that the wind blowing over water covered with a film of oil cannot easily catch 
upon it, so as to raise the first wrinkles, but slides over it, and leaves it smooth as it 
finds it.” 

The second great movement which the waters of the ocean exhibit is the Tides. Here 
we have periodical fluctuations of its level, the causes of which are astronomical, and 
arise from the attractive influence of the sun and moon, the latter being the more potent 
agent of the two. The sea rises, or flows, as it is called, by degrees, about six hours ; it 
remains stationary about a quarter of an hour ; it then retires, or ebbs^ during another six 
hours, to flow again after a brief repose*. Thus every day, or the period elapsing between 
successive returns of the moon to the meridian of a place, which is 24 hours 50^ 
minutes, the sea ebbs and flows twice, much less, indeed, towards the poles than within 
the tropics, where the waters lie under the direct influence of the lunar attraction. The 
connection between the periodical flux and reflux of the sea, and the positions of the 
moon, is too obvious to have escaped the attention of mankind in early ages, whose geo- 
graphical situation brought oceanic phenomena under their notice, for the highest tides 
oe,cur at the period of new and full moon, and the lowest when her ])hasc is a semicircle 
in the heavens. Accordingly, the jihilosophcrs of antiquity remark upon the tides vary- 
ing with the moon ; and the elder Pliny, in a very striking passage in his Natural History, 
attributes them to lunar action, and proceeds to give a very accurate description of their 
holding circumstances. K(!ppler clearly indicated the principle of gravitation, and re- 
ferred the tides to the attraction of the moon ; an explanation which Galileo regretted, 
who ascribed them to the rotation of the earth combined with its revolution about the 
sun. Dr. Wallis, in 166G, in letters to Mr. Boyle, attributed the alternate rise and de- 
pression of the ocean to the consideration, that the common centre of gravity of the moon 
and the earth describes an orbit about the sun, while they revolve about this common 
centre. In answer to an objection which wuis made to him in the form of a query, how two 
bodies which luive no tie can have one common centre of gravity? Wallis states : — “ It is 
harder to show how they have, than that they have it. — As to the present case, how the 
earth and moon are connected, I will not undertake to show, nor is it necessary to my 
purpose ; but that there is somewhat that does connect them, as much as what connects 
the loadstone and the iron which it draws, is past doubt to those who allow them to be 
carried about the sun, as one aggregate or body, whose parts keep a respective position 
to one another, like os Jupiter with his four satellites, and Saturn wdth his one. Some 
tie there is that makes those satellites attend their lords and move in a body, though we 
do not see that tie, nor hear the words of command.” This language evinces great 
sagacity, but it is the language of surmise merely. To Newton the glory belongs of 
demonstrating the existence of a principle which had previously been a matter of philo- 
sophical speculation, of explaining its laws, and showing how the tides are produced by 
the influence of gravitation, the grand agent of the movements of the universe, and the 
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conservator of its harmony. The theory of the tides is exceedingly simple in its prin- 
ciples, but the most complex of all physical problems in its details. 

If we suppose a zone of water to surround the globe in every part, and to be subject to 
no external influence, it is obvious, that the waters would uniformly maintain the same 
level, and be arranged upon its surface at an invariable depth, assuming the form of the 
circle e. It is easy, however, to perceive what effect, according to the law of gravity, 

^ the presence of a body like the moon will j)ro(Iuco 

O upon the zone of water, a fluid so susceptible of 
mobility, yielding to the slightest impressions. As 
a solid body draws toward it any otlier body, by a 
force which varies with its distance from the point 
attracted, then if m be the moon, the particles of 
water at a will feel more powerfully the cff’cct of 
her attraction than those on either side, or than the particles of land at tin? bottom of the 
water, 5, which are at a greater distance, and the result will be a bulging out of tho 
watery zone^ as in the diagram, immediately next the lunar globe. Hut while high water 
is thus produced at a, it is also produced at the same time in tin* opposite h(?misplierc 
at c, rf, owing to the varying distance of c and d from while at c ami f no such diver- 
sity of attraction can be experienced, and the cATcct is, iIk? reduction of the watery zone 
to the form of an ellipsoid, instead of tliat of a sphere. There is some* dilliculty to many 
minds in conceiving of the mtHm's influence raising the waters din*ctly under her, and 
producing at the same time the like cflect upon the waters on tin? opposite side of the . 
earth. Hut a little consideration will at once? nuuove it ; for, obviously, the earth’s centre, 

E, will be more powerfully drawn towards the moon than the waters at v d, and reeeth? 
from them, producing the same cflect as though they receded, or rose; u[) from the centre 
of the earth. Now, as the waters cannot rise in one place without falling in unotlu r, 
they are depressed at e and f when elevated at a and d \ and us the mooti is a mouth in 
making her circuit round tlie earth, there would be two elevations and depn^ssious of ibe, 
waters in the month in each jflace, if the cartli remained stationary uixm its axis. Hut 
by the diurnal rotation, the moon passes everyday the superior and the inferior meridian 
of every part of the globe, producing daily two seasons of high and low water. The. 
tidal swell of tlie ocean, or liigh water, at any given point, is thus occasioned by the 
point in question being in the dircret line of the lunar attraction, or the moon b(?ing upon 
the meridian of its position ; and the ebb of the tide, or low water at the point, is euiised 
by the moon being upon a circle whicli cuts the meridian at riglit angles. Hut the facts 
of the case do not exactly tally with what wc should expect from the theory, for the 
times of high and low water are not coincident witli the fullilment of tlie conditions 
stated. Thus, if the moon passes the ineri<liun of Ushant, on the north-west coast of 
France, at twelve o’clock in the day, high water will not take place until about three 
hours afterwards, or three o’clock in the afternoon. Tlie explanation of this i.s, that the 
impulse received by the waters of the sea in being brought by the rotation of the earth 
under the influence of the lunar attraction, continues to act for some tinu? aft(?r the rota- 
tion has carried them away from it, so that there is still a tendency to a.scend, as tin; (‘fl'ect 
of the impulse received, though the immediate action of the jdanct is not so strong 
as it w'as. 

Besides the action of the moon in elevating the waters of the ocean, there is that of 
the sun to be considered. The solar attraction is not so influ<?ritial a cause in the pro- 
duction of the tides as the lunar, because, tliough a much larger body, tlie sun is at far 
I greater distance from the earth. iStill the sun acts upon the ocean in jireeisely the same 
manner, though in a feebler degree, and his influence is sulficienlly energetic to produce 

A A 
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a flux and reflux of the sea. The tidal influence of the sun has been calculated to be 
about three times less than that of tlie moon. Sometimes these bodies act in conjunction, 
as at the seasons of new and lull moon, and tlien the tides rise the highest, and are called 
spring-tides ; but when the moon is in quadrature, the relative position of the two bodies 
is such that their influence is antagonistic, and then occur the lowest or neap-tides. Let 

g be tlie position of the sun, and o, 5, c, d that of the 
moon in four parts of her orbit. It is clear that 
when the moon is at h and her action and that of 
^he sun upon the earth are in of)posite directions. 
Hence the lunar and solar attraction counteract each 
other to some extent, and the tides are low. But 
when the moon is at o, or it is new moon, she unites 
her influence with the sun, and both act with the 
greatest intensity upon the ocean. So when the 
moon is at c, or full, the influence of the two bodies 
is again united, for they are in the same meridian, 
and while the sun draws away the waters on the side 
nearest to him, the moon draws away the earth from 
them, and while the moon attracts the waters on the side m^arest to her, the sun attracts 
j the earth towards him. Thus are produced those mighty movements in the ocean which 
aid the mariner on his course, and whicli, being periodical, are consistent with the se- 
curity of life and property on the coasts. As far, then, as astronomical causes affect the 
level of the ocean, we have an alternate rise and fall ])roduced twice a day, with aug- 
mented or spring tides, and neap or low tides, (weurring at the times of new and full 
moon, and when she is in quadrature. But in addition to this, we have the highest floods 
and the lowest ebbs at the new and full moon near the ecpiinoxes in March and Sep- 
tember, when the moon is in perigee, or nearest the earth. 

Hitherto we have been proceeding upon tin* supposition of the earth being completely 
environed with a zone of water of uniform d<*|)th. If that were the case, and the solar 
and lunar attraction acted always upon tin? line of the equator, there would always be 
high water at some point directly under the equator, and no tide whatever at the poles, 
and the calculation might be made with preeision of the elevation and depression of the 
waters in every latitude. But various causes operate to introduce irregularity in the 
phenomena of the tides. The positions of the sun and moon vary with reference to each 
other and the equator, the moon being sometimes as much as 28^*“ on each side of the 
plane of the latter. IMie action of the winds also, and their varying force, with currents 
in the ocean, affect the dist urban ec of its level by the solar and lunar influence. But the 
most energetic causes of complexity in the tides, are the inequalities that mark the bed of 
the sea, and its geographical distribution in contact with immense masses of dry land in 
its basin. Shoals, peninsulas, and promontories, offer obstructions to the flow of its 
waters, and vary their direction. In some narrow seas, channels, and gulfs, they are 
prodigiously accumulated, so that the tides rise to a far greater height than in the main 
ocean. Thus, on the coasts of the islands of the South Sea, the tides have only an ele- 
vation of one or two feet ; and at St. Helena, a solitary islet in the heart of the South 
Atlantic, the rise very rarely exceeds three feet; but in the Irish Sea and English 
Channel the periodical flow attains a much greater height. At the mouth of the Wye 
the tidal rise amounts to about lifty feet ; at the mouth of the Avon, to forty -tw'o feet; at 
Milford Haven, to tliirty-six feet ; at London and Beachy Head, to eighteen feet ; at the 
Needles, off the Isle of Wight, to nine feet ; and at Weymouth, to seven. The conse- 
quence of these extraordinary elevations is, that large tracts dre alternately oceanic and 
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parts of the mainland, where the shores are low. This is particularly observable along 
the south coast of Lincolnshire and in the Bay of Lancaster. The latter estuary becomes 



Laucnutrr 


at low water an expanse of sand, across whi<*h tlK*re is a road, the channel of the river 
Lune presenting the cliief obstacle to tlie passages dry-shod. Jn other narrow seas, how- 
ever, there is scarcely any perceptible tide at all, owing to the conditions under wliioh 
they communicate with the general sweep of the dec;p. Tlie distribution and configuration 
of the land, together with the influence of the winds, greatly involve the jirobhun of the 
tides, and render it one of the most diillcult in the whole range of jihysies. W(i shall 
merely mention a few of its leading features. 

The diurnal rotation of tlie earth being from west to cast, the apparent course of the 
moon is from east to west, and eonseciuently in an ocean of eonsidci-ahle extent in that 
direction, a tidal wave is formed following the lunar course. The only great belt of water 
which answers to tliis condition is the Baeific Ocean, for tlie general direction of the 
Atlantic is from north to south, its breadth from east to west being comparatively small. 
It is the southern part of the Pacilic, including the Indian Ocean, that exhibits the 
greatest extent of surface in tlie direction of the mooirs path ; and accordingly a very 
regular tide-wave is there produced, the general course of which is from (uist to west, 
but running towards the tropics, the region of the direct line of tlie lunar attraction. 
From the mouth of the lied Sea to tlie Cajie of Good Hope the whole east coast of Africa 
is reached about the same time by the summit of a single tide-wave, causing the liours of 
high water at its different stations to be coincident. It is otherwise with the tid(‘s of the 
Atlantic, along the coasts of whicli the hours of high wat(T are successively lat(T as we 
travel northward, that being the general direction pursucal by its tidal waves, wliicli the 
^ annexed diagram will explain. Sup- 

pose Ana Ixdt of water, and c n anotlicr 
narrower belt opening into it, the 
other lines being ridges of waves pass- 
ing along A IJ. ^ It is obvious that 
when a wave has arrived at c, part of it 
will run along the belt c D to find its 
level, and there will be a succession of waves in c d numerically the same as in a b, 
but pursuing a different direction. The relation between the Atlantic and the Pacific 
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and Great Soathem Oceana, is analogous to that of the upper to the lower belt ; and upon 
the tide-waves of the Pacific reaching the mouth of the Atlantic, they move along its 
basin, with some local exceptions, in the line of its direction, from south to north, across 
from the African to the American coast. The subjoined plate will convey a generally 
accurate idea of the direction of the tide-waves of the south Pacific and Atlantic Oceans. 

The tide-waves of the Atlantic thus advancing northwards cause the time of high 

water to be successively later at 
the different ports on the west 
coasts of Africa and Europe, 
and the east coast of North and 
South America, except from Rio 
Janeiro to the Falkland Islands, 
where the advance of the wave- 
summits is from east to west. 
The tide-wave, which is at 
the Ca|)e of Good Hope at a 
certain liour, is at the British 
Isles about fifteen hours after- 
wards, where, interrupted in its 
progress, it divides into three 
branches : one branch flows 
eastward up the Englisli Chan- 
nel, passing through the Straits 
of Dover, and is off the mouth 
of the Thames at the Nore in 
about eight hours from the time 
it entered the Channel ; a se- 
cond branch advances through 
St. George’s Channel into the 
Irish Sea; while the third and principal branch of the same wave proceeds along the 
west coasts of Ireland and Scotland, rounds the northern extremity of the latter, flows 
slowly down the North Sea, and meets the first branch at the mouth of the Thames, 
having taken about twenty hours to compass the distance. The annexed sketch repre- 
sents the course of the latter around Great Britain. Supposing tin*- moon to have passed 
the meridian of Brest, at the north-western extremity of the French coast, at twelve 
(Adock in tlu! day, it is high water there soon after three o’clock in the afternoon, the 
ridge, of the tide-wave, stretching out into the Atlantic in a north-west direction from 
Ushant, falling a little to the, south of Cape Clear, in Ireland. By six o’clock the wave 
has gained the north coast of Ireland, the ridge maintaining the same direction ; and 
three hours afterwards it has reached the Orkneys, the ridge bearing due north. By 
twelve o'clock the wave has entered the German Ocean, the ridge-line extending eastward 
from the Scottish coast to the south point of Norway : and in about eleven hours after- 
wards it has flowed down the eastern extent of England to the entrance of the Thames. 

It has been observed, that while in open seas, as around the islands of the Pacific, and 
St. Helena in the South Atlantic, the tides have only an elevation of one or two feet, 
in many narrow channels, like the English and St. George’s, they rise to a far greater 
height, owing to the confined space into which the water is crowded. The Bristol 
Channel opens widely to the south-west, where it receives the tide-wave of the Atlantic, 
but it is very contracted at its upper end, and the water is heaped up in consequence, 
much above the level to w'hich it otherwise would rise, attaining to an elevation of forty 
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and fifty feet. At St Maloes, on the north coast of France, the tide attains the height 
of fifty feet, and even sixty in the Bay of Fundy in the United States, where its rise is 
at the same time so rapid, that cattle feeding on the shores have been surrounded and 
swept off by it. On the contmry, in narrow seas situated like the Mediterranean and the 
Baltic, there is scarcely any tide whatever ; while in Hudson’s and Baffin’s Bays and the 
Red Sea, the influence of the tidal current is strongly felt. A sliglit inspection of tlicir 
geographical position will explain the reason of this. The mouths of the latter 
oceanic estuaries open in the direction of its advancing tide-waves, w bile the entrances 
of the Mediterranean and the Baltic are at acute angles with reference to them, 
and being turned from the main direction of the Atlantic tide, but a small portion 
of its waters passes through them, not sufficient to produce any marked alteration in 
the level of those seas. In addition to this, their diuKUisions are too limited to allow of 
the moon’s action Indiig unequally exerted upon them, weni they in the direct line of her 
attraction, so that the e(|nilibrium of the surface is not greatly disturlaal. The highest 
tidal rise in the Mediterranean occurs to the eastward of Sicily, w here a wave is raised 
which flows up the A<lriatic, elevating the winters of that close seal nearly four feet at 
new and full moon, and half that height at neaj) tides, alternately covering and laying bare 
the bottom of the Venetian lagoons. At Antiurn, Mr. 'JVin elyan found, by a series of 
observations, regular ti(h*s in the summer of lH3(i, rising then? to fourteen iin^hes ; and a 
tide wuis noticed by M. D’Angos, at 'Fonhur, on tlu? coast <»f France, wh(*n; tin? s(‘a rose, a 
foot about three hours and a half after the moon passed tin* meridian. Jn the (‘ast of tin? 
Mediterranean also the tides are felt, and slightly so in the (Grecian Archipelago, where 
a gentle rise of the waiters in the poi*t of vUgina and the gulf of Corinth has hcr'U 
observed. But tin* general level of the Mediterranean lluctnat(‘s only a lew inches. 
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Hence tire soldiers of Alexander were, alarmed on beholding the high lido at the month 
of the Indus, and the troo}).s of C:csar were filled with eonsh rnation on witnessing a 
similar spectacle u[)on our own coast, — their previous knowledge of oceanic phenomena 
having be(*n confined to the seas of Italy and (inic'ce. 

Winds have a fmw'erful influcn(!e upon the tidal currents, espj’cially iii narnnv seas and 
river channels, keeping them back when blowing from an opposite quarter, and acec*- 
lerating their flow when pursuing tlic same direction ; so that tin? tide w ill rise above its 
usual level, or fall below it, according as a strong wind co-operates willi it or not. An 
experiment made by Smeuton shows, that in a canal tour miles long, the level of the 
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al higher than at the other, owing to the action of tiia 

wind It M^or Bennell states, that a piece of water, ten miles broad, and generally 
only three feet deep, has, by a strong wind, had its waters driven to one side, and so 
sustained as to become six feet deep, while the winda'ard side was laid dry. In rivers 
also, when they are swollen by the rains, the increased force of their current 
materially affects the advance of the tide ; and when their waters are low the tidal wave 
will proceed along their channel to a greater distance, and hold up in them during a 
longer interval than under opposite circumstances. The astronomer Flamstead, who had 
frequent occasion to go to Greenwich by water, turned his attention to the subject of the 
tide in the Thames ; and he remarks : “ When, by reason of great droughts in summer, or 
extreme frosts in winter, the springs are low, and the fresh waters less than usual, the 
tides may hold up longer than the times noted in the table ; also when strong north- 
westerly or northerly winds blow, which bring in an extraordinary flood from the northern 
seas, and keep it up longer than other times ; so, on the contrary, when the winds blow 
hard on the opposite points of the compass, or when we have much rain and great freshes, 
tlui tides hold not out so long as the times shown in the table, the freshes overpowering 
and checking tlicm sooner ; yet have I never found that the difference between the calcu- 
lated and observed high waters have much exceeded half an hour — most commonly they 
are scarce half so much.” There are some singular circumstances connected with the 
tides of rivers which have thus been noticed by a recent writer: — “They are not of 
(f(|ual duration, as is the ease in most parts of the sea; but the ebb tides frequently last 
twice as long as the flowing tides. At Rotterdam the tide flows for about four hours and 
five nunutes, but the ebb lasts seven hours and fifty-five minutes. The Meerwede at 
Dordrecht flows against the current of the river for three hours and fifty-one minutes, 
and with it eight hours and nine minutes. This difterence is easily explained when the 
loree t>l‘ the river current is taken into account. The same circumstance explains the 
dilVenjiice in the velocity of the ebbing and flowing tide. Between the North Sea and 
llainburgh the flowing tide takes five minutes to run up a mile, but the ebb tide performs 
the same distance in less than four minutes. But it is difficult to explain the well- 
established fact that the tides advance much farther into a river than might be expected. 
When the tide at the mouth of a river rises four feet, we might suppose that it would 
advance only to such a point in the river where the surface is four feet above the sea; but 
it has been ascertained that it advances farther. It seems that the volume of water which 
is carried up by the tide is pushed onwards by the mass behind it, and carried to a 
greater distance than the Inclination of the river bed would seem to allow. It has also 
been observed, tbat during the flowing of the tide the surface of the water in the river 
pres<‘nt« a somewhat convex form, tlu* water along the banks being a little lower than in 
the middle of the river, and that during the ebb the contrary takes place. The flowing 
tide raises the water from bidow, and thus sooner affects the main body of the river, 
where it has mort‘ room to operati* than the winter near the margin. In accordance with 
this explanation, it is observed that the flowing tide is perceptible in the middle, while it 
is still ebbing along the banks, and that vessels which arc at anchor near the banks are 
turned round before the water on the surface of the river near the banks begins to flow 
upward.” 

The change produced in the aspf'ct of rivers by the advance of the tide is of the most 
striking description, and confers important advantages upon the towns seated along their 
banks, rendering them essentially maritime, though at a considerable distance from the 
sea. The Avon at Bristol supplies a remarkable example of the alteration, and of the 
commercial benefits resulting from it. Its natural character at St. Vincent’s rocks is that 
of a shallow brawling stream, scarcely navigable by the smallest craft ; but upon the flow 



TIDES AND OOEANIO HIGHWAYS. 


of tibe tide it receives an accession of near forty feet to its depth of water, which enables 
the largest West Indiamen and steamers to communicate directly with the city. The 
change brings not only a supply of water adequate for navigation, but an alternate cur- 
rent every twelve hours, which is just as useful as having a fair wind up and down tlie 
river, the regular occurrence of which being certain may immediately be turned to 
account by previous preparation. The same phenomenon is exhibited on the Solway 
Firth, the sands of wliich are so dry at low water that travellers on horseback can cross 
them, while the tide returns so rapidly as to render this a somewhat hazardous 
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I ^ I" (‘xperiment. Ilcsi(b‘s tlic advantage to navigation, to n j 
^ «ri-cat metropolis like liOiidon, the. fidnl tlnx and reflux | 

? .n 'ir of ll»c Thames is of imme nse eonsequenee to physical j 

^ ^ r lu'allh. The river may he said to be thoroughly washed 

out twiet* a day, by which the drainage of a million and 
^ ^ pe(»ple is curried off to the sea, and fresli water and 

^ air returned back — a proetiss which has hwn aptly compared to 
^:c3 system of lungs, furnished to the city for the imrpose of sc- 

curing a healthy vitjil action. 

A third movement to which the ocean is subj(‘ct is known 
by the name of currents, which inv<dv(; not incndy the surface 
slratiun of the sea, but probably extend to the bottom, wlnn-e th<*y 
prevail, and constitute j,M-wit oceiu.ic lii-liways. The ctrect of ciirrenls was isTcciv.-d 
long before any tiling was known of lln'ir direction and velocity ; and Colunil.iis was 
strengtliened in liis belief, tliat land might be reai-Iied across the Atlantic, westward, by 
substances wliieli liad been drifted from that quarter. A pilot in the service of tlie 
King of Portugal, Martin Vicctiti, assured him, lliiit after sailing four liumlrcd and 
fifty'’leagues to the west of Cape St. Vincent lie hud taken a piece of carved wood from 
the sea, evidently not laboured witli an iron instrument, which must liuve floated from 
some unknown land in a westerly direction. Columbus was also informed liy bis 
brotlier-iii-law', Pedro Correo, that lie had seen a similar piece of w<««l off Porto Santo, 
a small island to the north-east of Madeira, which seemed to have come from the 
same region ; and it was commonly reportisl that reeds of an immense size had floated 
to those'^ islands from the west, which the great discoverer fancied were identical with 
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those described by Ptolemy as growing in India. From the inhabitants of the Azores he 
learnt that trunks of huge pine-trees hitd been cast upon the shores, of a species different 
to any that grew upon the islands ; while, towards the close of the fifteenth century, the 
bodies of two dead men had been drifted to the island of Flores, whose features pro- 
claimed them to belong to an unknown race. These circumstances contributed to con- 
firm Columbus in his theory respecting the existence of a western continent, and 
strengthened his purpose to venture upon the untracked waste of waters in order to 
reach it. After the commencement of his great undertaking, when day after day nothing 
had been seen but a shoreless horizon, and hope had nearly expired in his own breast, 
while his crew were on the verge of open rebellion, the effect of the oceanic currents 
restored his confidence, and allayed their clamours. Herbage, fresh and green as if 
recently pluck(id, floated by. A branch of thorn, with berries on it, appeared ; a reed was 
picked up, and a staff artificially carved, — significant intimations that an inhabited land 
lay before tlie adventurers, which was at length revealed to their gaze, and terminated 
for (iver the mystery which had rested upon tlie western flood. Upon his second voyage, 
Columbus found, near one of the islands, to which tlie Spaniards gave the name of 
Guadaloupo, the stern-post of a Europ(?an vessel, the fragment of some wreck which 
had been liornc in a contrary direction across tlie Atlantic, The preceding facts are 
doubtless referable to the action of the equatorial current and the gulf stream. Previously, 
the inhabitants of the Canaries had considered the vegetable productions thrown upon 
their shores as coming from the enchanted isle of St. Borondon, which, according to the 
reveries of the ])ilot8, and certain legends, was placed towards the west in an unknown 
part of the ocean, enveloped with eternal fogs. 

It is little more than half a century since the oceanic currents began to be accurately 
investigated. We are indebted to M. Rossel, Captain Sabine, and Major Rennell, for 
the principal part of the information which has been collected concerning them. Though 
tolerably wndl acquainted with their site, direction, and velocity, the causes in which they 
originate are not thoroughly understood. In all probability they are chiefly due to the 
influence of permanent winds, to a difterence in temperature or saltness between two 
parts of the sea, to the anniuil nndting of the polar ice, to the unequal evaporation 
which the surface of the ocean experiences in high and low latitudes, and to the greater 
velocity with which the efpuitorial regions arc carried round in the daily rotation of the 
globe. The sea-currents have been compared to the continental rivers, and both exhibit 
the phenomena of volumes of water moving in a certain direction, but in extent of surface 
and depth they are utterly disproportionate; and if the former were transferred to the 
land, th(«y would constitute great inland seas, or arms of the ocean. 

There arc two great currents flowing from the poles towards the equator, north and 
south, which preserve their direction through a considerable space. The drifting of the 
ice from the polar regions into the temperate seas, on each side of the line, evidences the 
existence of streams following that course. The north polar current appears to strike 
the shores of Asia, and, passing round the north cape of Europe, it crosses the upper 
part of the Atlantic, running to the south-west till it reaches the east coast of Greenland. 
It then traverses the narrow sea between that country and Iceland, turns round Cape 
Farewell, the southern extremity of Greenland, and proceeds northward into Davis’s 
Strait. It follows the eastern side of the strait as far to the north as Holsteinborg, in 
latitude 67°, where, from causes of which we are ignorant, it abruptly turns to the west, 
and strikes the opposite shore at Cape Walsingham. P'rom thence its course is southward 
to Labrador, and south-east to the north bank of Newfoundland, where it mingles with 
the gulf stream, which will hereafter be noticed. The breadth of the arctic current is 
in some places from 250 to 300 miles. Its velocity varies, in different parts of its course. 
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from eight or nine to fifteen or sixteen miles per day. The icy masses it bears along are 
suppose to be about two months in making the before-mentioned circuit from Cape 
Farewell to the coast of Labrador. We are not so familiar with tlie antarctic or soutli 
polar current, but have similar evidence of its action in the transportation of the ice from 
high to low latitudes, where its course is checked by a counter stream passing westward 
by the Cape of Good Hope and Cape Horn. Various circumstances operate to put these 
streams in motion. The greater intensity of the centrifugal force at the equator, which 
is the result of the earth’s rotation, and the greater evaporation of tlie sea between the 
tropics, owing to the powerful heat of the torrid zone, must necessarily produce a move- 
ment of the waters from the poles towards the equator, in order to restore the equilibrium 
which the preceding causes are perpetually destroying. It is however a singular fact, 
only recently ascertained, with reference to the arctic current, and quite impossible to 
explain at present, that it appears to be annually suspended for about three months, from 
the middle of October to the middle of January ; and no perceptible evidence whatever 
of its action at that period is found at Cape Farewell, as at other seasons, in the accumu- 
lation of ice around it. Upon the inhabitants of Iceland this great oceanic stream con- 
fers no unimportant benefit in the drift timber which it casts upon their shores, affording 
them an abundant supply of wood for fuel, and for the construction of boats, their own 
forests having been iinprovidently exhausted. The immense quantity of it, amounting to 
whole forests of pines and firs, has attracted much athmtion ; and it has been deemed 
difficult to explain from what country it can have been deriv(‘d. Captain Parry found a 
large quantity thrown by the sea upon the coasts of Spitzbergim ; and Crantz inlbrrns us, 
that the masses of floating wood thrown upon the island of Jan Maycm often equal the 
whole of the island in extent. The most probable solution of its origin is, that the rivers 
of Northern Asia carry the timber of the Siberian forests into the Arctic Ocean, from 
whence it is borne by the current to mitigate the cold of the Icelandic winter. It was 
the north polar current that presented the most formidable obstacle to Parry in his 
attempt to reach the pole by means of boat-sledges and reindeer, and led to the 
failure of the daring enterprise. Having travelled over the frozen surface of the 
deep to nearly latitude 83°, which seemed to be the utmost limit of animal life, the adv(*n- 
turers found that when, according to their reckoning, they had made ten or eleven miles 
of direct northing, they had actually gone four miles to the south, owing to the current 
carrying the snow-fields in that direction. An invisible power was thus continually 
undoing what they were labouring to accomplish, wdiich rendered the success of the ex[)e- 
dition hopeless. 

The grandest movement of the ocean in the form of a stream-current proceeds from 
east to west, on each side of the equator, and is therefore called the equatorial or tropical 
current. In the Pacific Ocean it sweeps westward from the coast of Peru in one immense 
volume, till, reaching New Holland and the islands of the Asian Archipelago, it is broken 
into smaller branches of different divergence ; and hence the numerous and variable cur- 
rents prevailing in the Indian Ocean, which render the navigation so dangerous. A great 
branch passes to the south of New Holland, preserving a generally uniform westerly 
direction, till it is obstructed by the island of Madagascar and the east coast of Africa, 
from which it glides off to the south round the Cape of Good Hope. In the Atlantic 
Ocean the equatorial current is very perceptible, the westward flow of the waters com- 
mencing in the Bay of Benin and at the Canaries, and proceeding across its basin^ to the 
opposite shore of America, where, off Cape St. Roque, on the Brazilian coast, it is sepa- 
rated into two branches. One branch, called the Brazil current, proceeds southward 
along its coast-line, crosses the mouth of the La Plata, passes through the Straits of 
Magalhaen and round Cape Horn, and mingles with the westward flow of the Pacific. 
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The Other and principal branch, known by the name of the Guiana current, is properly 
a direct continuation of the equatorial. It runs from oflF Ca[»e St. Roque, across the moutii 
of the Amazon ; and after skirting the low coast of Guiana, and passing through the 
Caribbean Sea, it enters the Gulf of Mexico, where a course is commenced in a fresh 
direction. Mention has previously been made of the gulf stream. This originates in 
the Mexican Gulf, and is the efilux of the waters accumulated there by the equatorial 
current. The stream is first clearly perceptible to the north-west of the island of Cuba, 
where it fiows weakly to the east ; but upon being turned from that direction by the 
opposition of immense sand-banks, it proceeds northward, and, owing to the narrowness 
of the channel, rushes with great velocity through the Strait of Florida. Obeying the 
impulse there given to its waters, the gulf stream runs along the coast of the United 
States ; and, l)eing there free from obstruction, it gradually expands in volume, and dimi- 
nishes in rapidity. On striking the banks of Newfoundland it sets again to the east, and 
to the south-east upon joining the north polar current. It then traverses the basin of the 
Atlantic to the Azores, enters the equatorial current on the coast of Africa, and is con- 
ducted again to the west, to re-enter into itself in the Gulf of Mexico. 

The equatorial current and the gulf stream thus constitute a whirlpool of prodigious 
extent in the Atlantic Ocean, which cuts laterally the gorge between Africa and the 
Brazils, scours round the indentation of Central Americti, recrosscs the bed of the Atlantic 
following an opposite direction, and is perpetually circulating in the same route. Hum- 
boldt remarks, that supposing a particle of water returns to the same place from which it 
departed, our present knowledge of the swiftness of currents will enable us to estimate, 
that this circuit of 3800 leagues will require not less than two years and ten months for its 
accomplishment. “ A boat which may be supposed to receive no impression from the 
winds, would require thirteen months from the Canary Islands to reach the coast of 
Caraccas ; ten months to make the tour of the Gulf of Mexico, and reach Tortoise Shoals 
opposite the port of the Havannah ; while forty or fifty days might be sufficient to carry 
it from the Straits of Florida to the bank of Newfoundland. It would be difificult to fix 
the rapidity of the retrograde current from this bunk to the coasts of Africa: but estimating 
the mean velocity of the waters at seven or eight miles in twenty-four hours, we find ten 
or eleven months for this last distance. A short time,” he continues, “ before my arrival 
at Tenerifle, the sea hud lel*t in the road of St. Croix a trunk of a Cedrela odorata covered 
with the bark. This American tree vegetates exclusively under the tropics, or in the 
neighbouring regions, and it had no doubt been torn up on the coast of the continent, or of 
that of Honduras. The nature of the wood, and the lichens which covered its bark, were 
evident proofs that this trunk did not belong to those submarine forests which ancient 
revolutions of the globe have deposited in lands transported from the polar regions. If 
the Cedrela, instead of having been thrown on the strand of Teneriffe, had been carried 
farther south, it would probably have made the whole tour of the Atlantic, and returned 
to its native soil with the general current of the tropics.” The conjecture in the last pas- 
sage is supported by a fact recorded in the history of the Canaries by the Abbe Viera. 
In the year 1770 a small vessel laden with corn, and bound from the island of Lancerotte 
to Vera Cruz in Teneriffe, was driven to sea while none of the crew were on board, and 
was carried by the westward motion of the waters across the bed of the Atlantic, where 
it went ashore at La Guayra, near Caraccas. It was the equatorial current that conveyed 
the fragment of the vessel to Guadaloupe which Columbus found floating near the island ; 
and the gulf stream brought those productions of the New World to the Canaries, upon 
which he seized as indications of the existence of western regions, before the discovery of 
them had been effected. A complete view of this great water-course would require a 
notice of several subordinate currents; but it may be sufficient to observe, that the 
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western flow of the Pacific, mentioned as sweeping round tlic Cape of Good Hope, 
mingles with it as a perpetual feeder, while, from its northern region, a branch is gent off 
towards the coasts of Great Britain and Norway. This arm of the gulf stream leaves it 
in latitude 45° and 50°, near the bank of Bonnet-Flamand. It runs to the north east, 
and becomes very strong when the winds have blown a long time from the west. By this 
current, plants, seeds, and the fruit of trees, which belong to the torrid zone of America, 
are annually borne through the North Atlantic, and deposited on the western coasts of 
Ireland, Scotland, and Norway. On the shores of the Hebrides, the seeds are collected 
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of several plants belonging to Jamaica, Cuba, and the neighbouring continent; and the 
remains of cargoes of vessels wrecked in the West Indian seas have been drifted to the 
same quarter. The fragments of the English vessel, the Tilbury, burnt near Jamaica, 
reached the coast of Scotland ; and tortoises inhabiting the waters of the Antilles have 
undergone a similar transportation. A most remarkable case is related by Wallace, that 
twice, in 1682 and 1684, American savages of the race of the Esquimaux, driven out to 
sea in their leathern canoes during a storm, and left to the guidance of the currents, 
reached the Orkneys — an example of involuntary migration, which shows how, when the 
art of navigation was yet in its infancy, the motion of the waters of the occ/un may have 
contributed to disseminate the different races of men over the face of the globe. 

It is natural to inquire concerning the origin of this extraordinary and vast whirl of 
the waters of the ocean. The westerly movement in equatorial regions is in a direction 
contrary to that of the earth’s rotation, and appears to be connected with this last phe- 
nomenon, along with the trade winds, which follow the same course. Owing to the 
action of the current and the wind, the waters of the Atlantic are crowded into the great 
American bay which terminates with the Gulf of Mexico, entering it on the south, 
where, upon being repulsed by the shores of the continent, they accumulate, and flow off 
to the north-east, forming the gulf stream. It has been calculated that the waters of 
the gulf, 4000 miles distant from the Cape de Verde islands on the coast of Africa, are 
elevated 325 feet above the level of the ocean in the latter locality. This arises from the 
pressure exerted by the particles of water upon each other under tlie influence of the 
wind and current, and the resistance offered to their farther westward progress by the 
shores of Central America. It has frequently been observed, that a prolonged wind 
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blowing up the English Channel, causes a very perceptible elevation of the sea-level in 
the Straits of Dover, occasioned by large volumes of water being driven from the 
Atlantic into the close coiifineraent of a narrow passage. The configuration of that 
remarkable break in the eastern coast-line of America, where the gulf stream originates, 
at once explains how a permanent wind and current, pursuing the direction indicated, 
must heap up the waters of the ocean in it, which necessarily run off, where a vent 
occurs, in order to find their level. The high temperature of the gulf stream, in all 
parts of its course, is one of its striking peculiarities. It is a current of warm water, so 
greatly above the average heat of the ocean, that the navigator may at once detect his 
entrance into it by tlie sudden rise of tlie thermometer. The difference often amounts 
to 9°, 12°, and 15° of Fahrenheit, and sometimes to much more. Near Cape Hatteras, 
on the coast of North Carolina, under the meridian of 63^°, the thermometer shows 81° 
in summer, which is from 10^° to 1 1 i° above the water of the ocean, in the same lati- 
tude, immediately contiguous to the stream. At Corvo, one of the Azores, its tempera- 
ture is from 75^° to 77^°, which is from 8® to 10® above that of the ocean. It is in the 
Mexican Gulf, which may be properly called a caldron for heating w^atcr, that this high 
temperature is acquired, which is there in summer 4° above that of the open ocean under 
the equator. Upon issuing from thcuice, the W'ater retains its warmth across the At- 
lantic, though subject to a gradual rfiduction as it travels eastward, till, after being cooled 
down to the general tein])Cratur(i of the circumjacent sea, it is transferred again by the 
westerly current to the coast of Caraccas, to undergo the same heating process as it 
slowly proceeds along its shorcvS, and those of Mexico and Pdorida. There can be little 
doubt, but that as the high temperature of the M(Hliterranean S(;a contributes to the mild 
climate of the countries on its shores, so the w'arm water distributed over the North 
Atlantic, and sent to the w'cst coasts of Europe, causes the mean temperature of England 
to be sensibly higher than that of many other places situated wdthin the same limits of 
latitude, hut dill’erently circumstanced with rehu’cnce to the gulf stream. Two physical 
I)henomena, also, off the island of Newfoundland, are supposed to bo produced by the 
action of this current — tin; formation of its bank, and the fogs wdiich mantle its shores. 
After rushing with great velocity through the strait of Florida, the force of the stream 
gradually diminishes ns it coasts along the United States, when the matter it has sus- 
tained wdule in rapid motion is deposited, which in process of time has formed the huge 
shoals of Naiitucki't, and the great bank of Newfoundland. In the same locality, the 
gulf stream encounters the arctic current, and those extraordinary banks of fog with 
which it abounds, are probably referable to the different temperature of their waters and 
of the incumlu'nt utinos])here. 

The currents of the ocean materially affect its navigation. While an intimate know- 
ledge of them is necessary in order to avoid the danger of mistaking the true position of 
a vessel, its progress to port may be facilitated by falling in wdth a local stream, or 
steering clear of it, according as its direction is favourable or adverse. The great high- 
yray across the Atlantic formed by the gulf stream is of course avoided as much as pos- 
sible by ships proceeding from Europe to America, because the flow of the current is 
opposite to their path, and to attempt to stem it wmuld increase by a fortnight the time 
of the passage. On the contrary, a vessel proceeding from North America to Europe, 
will save about five days’ sailing by following its track ; but it has been found, that, 
owing to its course lying through stormy latitudes, where heavy seas and continual gales 
are encountered, the damage suffered through vrear and tear counterbalances the gain of 
a few days in the voyage. Accordingly, it is only entered at a few points, a general 
route to tlie south of it being pursued by ships coming to Europe from the West Indies, 
and one to the north by those that sail from Neiv York. As the velocity of the oceanic 
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currents is not invariable, but is much accelerated or retarded by the prevalence of hard 
gales, the navigator sailing with or against them has to take this element into the 
account, in order to be sure of his place. In proceeding from the American coast to 
Bermuda, Captain Hall found that an unusual increase in the rate of the gulf stream 
had carried him so far beyond his mark, that when from his reckoning, the weather 
having prevented observations for the longitude, he supposed himself about forty miles 
on the western side of the island, and was therefore beating to the eastward, he was 
actually about the same distance on the eastern side, and had to sail westward to gain his 
port. By not making due allowance for the force of the current that sweeps round the 
Cape of Good Hope from the Pacific, navigators proceeding to India have often fancied 
themselves east of the Cape when tliey have been still west, and have been driven ashore 
on the African coast, which, according to their reckoning, lay behind them. A similar 
cause has led to many a disastrous shipwreck on the Senegal coast, upon which a branch 
current from the gulf stream rushes, and upon the savagt^ shores of the Great Desert, it 
has been the fate of many a gallant crew, either to perish of hunger or to be sold into 
slavery. A more accurate acquaintance with oceanic regions, and tlie accomplished 
nautical education of commanders, Iiave diminishe<I such accidents in recent times. Still, 
besides tlie great sea-streams, there are an immense number of oilsets from them, some 
of which are only occasional currents, and others have not been noticed, which may 
deceive the most skilful commander, and hurry his vc^ssel ashore, when his reckoning 
gives him a considerable distance from it. This misfortune bap])ened to tlu* fine frigate 
the Challenger, in the year ISJJo, which struck upon the south coast of Chili, owing to 
the action of an unusual and unexp(*ct(‘d current, against which it was impossible to 
guard. At eight o’clock in the evening there was a careful exanunation of the. ship’s 
place upon the charts. At nine, the weather was hazy, the. wind mod(*rate, the, water 
smooth, the stars occasionally appearing overhead, and an (‘xpected moon at midnight 
promised a fine and (piiet night to the. crew. At a (piart(‘r to ten tln^ breakers were 
seen, and immediatedy the ship daslied iqKUi the rocks along tlu*. beach, became a complete 
wreck, the ofhcer.s and men rcaiching the shore with ditlicully. 

The existence of unde.r-cnrrents, running in a ilirection opposite to the, flow of the 
surface stratum, has been surmised in various places, hut chiefly owing to circumstances 
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which may be differently explained. It has been mentioned, that the Black Sea potirs its 
surplus waters, through the Bosphorus and the Hellespont, into the Grecian Archipelago. 
The current here flows at the rate of from two to four miles an hour, and is occasionally 
so strong that ships experience great diflaculty in making way against it. The exploit of 
Leander and Byron, who swam across the Hellespont, conquering the power of the stream, 
has acquired celebrity. This is one of the sites where it has been imagined that there. is 
an under-current flowing upwards from the Archipelago to the Black Sea. The saltness 
of the water of the latter, which is only one-seventh less than that of the Atlantic^ and 
fully one-tenth more than that of the Baltic, has suggested this idea. While receiving an 
immense influx of fresh water from numerous large rivers, and having a constant outflow, 
this degree of saltness is certainly a singular problem ; and it has been thought difficult 
to account for it, otherwise than by supjiosing an under-current communicating the salt- 
ness of the Archipelago to the Euxine. But salt prevails extensively in the countries 
along its north and north-eastern shores, a considerable portion of which, flnding its way 
to the sea, may be the true cause of its waters being so largely impregnated by it. The 
physical condition of the MeditcrraiKian ha.s also been deemed inexplicable, except upon 
a similar supposition. While a perpetual stream flows into it from the Black Sea through 
the channels named, there is another from the Atlantic through the Straits of Gibraltar; 
and to account for the disposal of the quantity of water flowing inward, a submarine 
current, flowing outward at the Straits, has been maintained by many philosophers. The 
following circumstance has been considered to be confirmative of this opinion. M. Du 
L’Aigle, the commander of a privateer called the Phoenix, of Marseilles, gave chace to a 
Dutch merchant ship, near Ceuta Point, and came up with her in the middle of the 
Straits, between Tariffa and Tangier, and gave her a broadside which directly sunk the 
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vessel. A few days after, the sunk ship, with its cargo of brandy and oil, arose on the 
shore near Tangier, which is at least four leagues to the westward of the place where she 
sunk, and directly against the strength of the current from the Atlantic. Besides, how- 
ever, this current, there are two lateral currents in the Stfalts, one on the European and 
the other on the African side, which alternately flow outward and inward with the tide ; 
and the drifting of the vessel to the rear of the spot in the main stream where she sank 
might be occasioned by one of these lateral currents, at that time flowing out of the 
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Straits. With reference to the immense body of water which is constantly pouring into 
the Mediterranean from tlie Atlantic, there is no necessity to have recourse to an under- 
current conveying it back into the ocean to account for its disposal ; for a considerable 
portion may be returned there by the lateral currents, while an enormous evaporation 
expends the rest We have no evidence whatever of the existence of such a phenomenon 
as the superior and inferior stratum of the same volume of water flowing in opposite 
directions. Ray long ago remarked : “ I do not understand how waters can run back, 
ward and forward in the same channel at the same time. For, there being but one decli- 
vity, this is as much as to affirm that a heavy body should ascend. It is a crossing of 
proverbs, di'w Trora/iwr, making rivers ascend to their fountains, afiirming that to be done 
which all the world hath liitherto looked upon as absurd and impossible.” 

Currents pursuing an inverse course sometimes meet and conflict ; and when this 
occurs in narrow channels, it renders their passage troublesome and dangerous to the 
mariner. When two currents, thus meeting together, are nearly of equal force, they 
often cause eddies or whirlpools, of which the Maelstrom, off the coast of Norway, is a 
remarkable example. Its influence is felt for more than nine miles, and its power is such, 
that vessels drawn into its grasp have been unable to extricate themselves, and have perished 
in its vortex. In a storm, the roar of the contending waters is heard through a wide area 
upon the surface of the deep. Charybdis, in the straits of Messina, is another instance, 
so famed in antiquity, with its companion Scylla, for offi*ring perils to the ancient navi- 
gators. Homer pourtrays Scylla as a rock so lofty that its summit is continually cloud- 
capt, and so steep, smooth, and slippery, that no mortal could scale its height, though the 
capabilities of his physical frame for the ascent were largely multiplied : — 

“ High in the air the rock its summit shrouds 
In brooding tempests and in rolling clouds ; 

Ix)ud storms around, and mists eternal rise, 

Beat its bleak brow, and intercept the skies. 

When all the broad expansion, bright \rith day. 

Glows with tir autumnal or the summer ray. 

The summer and the autumn glow in vain ; 

The sky for ever lours, for ever clouds remain. 

Impervious to the step of man it stands. 

Though borne by twenty feet, though arm’d with tv/enty hands. 

.Smooth as the polish of the mirror rise 
'i'he slippery sides, and shoot into the skies.” 

The Greek poet, and Virgil after him, personify this rock as a sea monster, lurking in 
the darkness of a vast cavern, surrounded by ravenous, barking mastifis, together with 
wolves, increasing the horror of the scene ; — 

“ Here Scylla bellows from her dire abodes, 

Tremetuhms pest ! abliorr’d by man and gods I 
Hideous her voice, and with less terrors roar 
The whelps of lions in the midnight hour.” 

Not leas terrible is the description of Charybdis, represented by Homer as a companion 
monster, three times in a day drinking up the water, and three times vomiting it 
forth : — 

** Beneath Charybdis holds her boisterous reign 
’Midst roaring whirlpools, and absorbs the main ; 

Thrice in her gulfs the boiling seas subside. 

Thrice in dire thunder she reflmds the tide." 

This language of poetical fable and exaggeration rests upon a stratum of truth. In the 
Straits of Messina — the site of Scylla on the Calabrian shore, and of Chary bdis by the 
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opposite coast of Sicilj — there are numerous and variable currents. The centre of the 
channel is occupied by a stream, which runs alternately north and south, six hours each 
way, at the rate of from two to five miles an hour. On each side there is a counter or 
returning stream, running at a varying distance from the beach, and numerous eddies 
or whirlpools are formed by the contact of the lateral and central currents. In rough 
weather, when a higli wind is blowing in the direction of the main stream, it becomes 
sufiiciently powerful to stop the course of the lateral currents, but the collision gives rise 
to strong whirls in the water, which are sent off to each shore. It is easy to conceive, 
that to the inexpert mariners of ancient times, such a navigation would be alarming in 
dark, rainy, blustering nights, and would often involve the wreck of their feeble craft, 
disasters upon which the poets seized, and magnified the causes beyond the reality. At the 
same time, it is not improbable, that the physicalparoxysms to which the adjacent districts 
liave been subject, may have so altered the bottom of the straits, either by elevation or 
depression, as to have really diminished the danger of the passage. During the great 
Calabrian earthquake, the quay of Messina sank fourteen inches, vast masses of sea-cliff 
on the coast of the straits fell down, and one sueli mass, detached from Mount Jaci 
beside the rock of Scylla, rolled by night to the margin of the Mediterranean, which im- 
mediately rose with a w^ave twenty feet high. 

“ I first,” says the Abbe Spallanzani, proceeded in a small boat to Scylla. This is a 
lofty rock which rises almost perpendicularly from the sea, on the shore of Calabria, and 
beyond which is the small city of the same name. Though there was scarcely any wind, 
I began to hear, two miles before I came to the rock, a murmur and a noise, like a 
confused barking of dogs, and on a nearer approach readily discovered the cause. This 
rock in its lower part contains a number of caverns ; one of the largest of which is called 
by the people there, Dragara. The waves, when in the least agitated, rushing into these 
caverns, break, dash, throw up frothy bubbles, and thus occasion these various and mul- 
tiplied sounds. Such is the situation and appearance of Scylla : let us now consider the 
danger it occasions to mariners, 'riiough the tide is almost imperceptible in the open 
parts of the Mediterranean, it is very strong in the Strait of Messina, in consequence of 
the narrowiiess of the channel, and it is regulated, as in other places, by the periodical 
elevations and depressions of the water. Where the flow or current is accompanied by a 
w’ind blowing the same way, vessels have nothing to fear ; since they either do not enter 
the Strait, both the wind and the stream opposing them, but cast anchor at the entrance ; or, 
if both are favourable, they enter on full sail, and pass through with such rapidity that they 
seem to fly over the water. But when the current runs from south to north, and the north 
wind blows hard at the same time, the ship, wdiich expected easily to pass the Strait with 
the wind in its stern, on its entering the channel is resisted by the opposite current, and, 
impelled by two forces in contrary directions, is at length dashed on the rock of Scylla, 
or driven on the neighbouring sands; unless the pilot shall apply for the succour necessary 
to his preservation. For to give assistance in case of such accidents, four and twenty of 
the strongest, boldest, and most experienced sailors, well acquainted with the place, are 
stationed night and day along the shore of Messina, who, at the report of guns fired as 
signals of distress from any vessel, hasten to its assistance, and tow it with one of their 
light boats.” 

The site of Charybdis is defined by Strabo, “ in the strait, a little before we reach the 
city” Messina. It is off the entrance of the harbour, distant about 6047 yards from 
Scylla, according to the measurement of Captain Smyth, and about 700 feet from the 
shore, upon a promontory of wdiich a lighthouse warns the sailor by night of the spot. 
The classical name is no longer its local title, but Ealofuro, from koXos and ^apog^ the 
“ beautiful tower,” alluding to the lighthouse. It is not a vortex of the ordinary kind, 
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endangering vessels by suction, but rather a tumultuous movement of the water, which 
circulates in several quick eddies, varying with the force and direction of the winds and 
currents. When the wind and the current oppose each otiier, the Kalofaro beconu‘8 a 
scene of extensive and violent agitation, and will wheel round even ships of war 
upon its surface ; but there is no appearance of an absorbing gulf answering to the 
ancient imagination, though smaller vessels are exposed to the peril of being driven 
ashore, or destroyed by the waves beating over them. In order to avoid the danger 
arising from Charybdis, the mariners of former times went as near as possible to tlu^ 
coast of Calabria, and sometimes went too near, provoking tlie dangers arising from 
Scylla ; and hence the proverb still applied to those who, in attempting to escape one 
evil, encounter another : — 

Iiicid.nt in Soyllam. ciipiens vitnro Charyluhm. 

“ Who flies ('harylulis, upon Scylla strikes.” 

Brydone, after referring to tlu; accounts given of it by the cdjissi(*al writers, remarks : — 
“ It certainly is not now so formidable, and very probably the violent motion, continued 
for so many ages, has by d<*grees worn smooth ihc^ rugged rocks and jutting shelves that 
may have intercepted and et>ntined the waters. The breadth of the straits, too, in this 
place, I make no doubt, is considerably enlarged. Imh'cd, fnun tht^ nature of things, it 
must be so; the perpetual friction occasioned by tlie curnuit must W(^ar away the bank 
on each side, and enlarge the bed of the wat<‘r." 

Of all the oceanic movements exhibited in tlu* form of waves, tides, and currt*nt8, of 
which a summary notice has been given, the hitter are tlu* most influential in affeeting the 
disjilacement of its waters. The tides alternutely elevate and lid down the surface, rather 
than produce an actual stream, except along shore, and in eoidined ehaimels ; for when 
we speak of the motion of a tidivwavc, ami of its rate of advaiiei*, wc do not mean a 
shifting of the water from jdaec to place, but tbe progressive cli'vation of its surface 
.stratum. The influence of tbe winds in creating waves is very circumscribed in forcing 
the sea to change its situation, except w'bere they an; strong and jjermaiient ; and it is 
the upper stratum that they chiefly aireed. It may here he- mentioned that during a 
nKjent circumnavigation of the globe by the? French ship Vmius, tlic highest wave that 
struck her on the voyage was 75 metres, or 2d feet ; and the longest w^ave, met with to 
the south of New Holland, was three times the length of the frigate, 150 metres, or 402 
feet. Currents, on the contrary, involve extensive areas of the ocean ; extend in many 
instances to the bottom of the sea, and transfer its waters from one. bemisj)bere to another — 
from the Pacific to the Atlantic, and to the Pacific again, in perpetual revolution — from 
the congelation of polar regions to the heat of the eijuatorial. Owing to the joint influence 
of winds, tides, and currents, there is no part of the ocean, for any long interval, in a 
state of rest — an obviously benign arrangement of Providence; for if it became for any 
length of time a vast stagnant pool, its waters, charged with an immense amount of 
decomposing animal and vegetable matter, notwithstanding their saltncss, would soon 
become foetid, would give off noxious exlmlations, infect the whole atmosphere, and 
reduce the world to an uninhabitable desert. It has been wisely ordained, tliercfore, that 
the physical condition of this enormous mass of water should answer to tlie apostrophe — 

** Roll on, thou deep and dark blue ocean, roll I ” 
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CHAPTER X. 


CHANGES IN OCEAIHC BEOIONS. 


^ E have now arrived at a very interesting department 
Vy of Physical Geography — the consideration of the 
changes to which the surface of the globe is subject, 
and of the causes which produce them, already indi* 
cated in the preceding pages. From the experience 
many an individual life, it might be imagined, 
that “all things continue as they were from the 
i beginning of the creation” — that an immutable cha- 

; - racter belongs to the earth’s external aspect — so 

uniform are the appearances presented by nature 
- X during the course of man’s threescore years and ten. 

grandsire, trembling with age and infiimiity, and 
living in a country distant from the centres of volcanic action, sees no alteration in the 
configuration of the hills and valleys with which he has been surrounded from his child- 
hood. The stream wanders in the same channel, with as much transparency, and with 
as many circling eddies, now that he is old and grey-headed, as when in youth he 
romped upon its banks, and plucked with careless hand the daisy or the cowslip from its 
grassy slopes. There is, however, no part of the globe free from physical change, 
whether bare to the light and air of heaven, or lying a thousand fathoms deep below the 
waters, though it may reijuire the lapse of ages to discover the signs of alteration, and 
though circumstances may forbid the mutation being the subject of sensible evidence. 
The bed of the o(Mian must of necessity Im 3 constantly iiiidtu'goiiig changes, extensive and 
diversified, wrought in secret places, into which the inquisitive eye of man cannot pene- 
trate, and which arc often beyond the reach of his longest sounding-line. “All the 
rivers run into the 8<;a, yet the sea is not full : unto the place from whence the rivers 
come, thither tliey return again.” Denudation, or the carrying away a portion of the 
solid materials of tiu* land through which they flow, is one effect of their action. It 
transpires with varying energy, according to the velocity of their current, and the nature 
of the contiguous soil ; and the distribution of the material of which the land is robbed 
takes place under the control of tliese two particulars. The heavier debris of rivers 
may be generally dejMisited in their own channels, where there is a marked diminution in 
the power of the stream, arising from its course lying through an extensive level ; but 
the finer particles are tninsported to a more distant locality, and are either deposited at 
the confluence of rivers witli the sea, where the tides meet them with sufficient force to 
produce stagnation, or they are conveyed to a more remote resting-place by the tremen- 
dous rush of the fresh water into the bed of the deep, and the action of the oceanic 
currents. 

According to Mtgor Rennell, a glass of water taken from the Ganges in the flood- 
season will yield about one part in four of mud. The mean quantity of water discharged 
by the river throughout the year he estimated to amount to 80,000 cubic feet in a 
second, but to be 405,000 cubic feet when the river is in flood. Calculating upon 
these data, Mr. Lyell states, that if the mud be assumed to be equal to one half the 
specific gravity of granite, a supposition below the truth, the weight of matter daily 
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caitied down in tlie iood season would be about equal to seventy-four times the weight 
of the Great Pyramid of Egypt He observes : — " 405,000 cubic feet of water per 
second gives in round numbers 100,000 cubic feet of mud per second, which x 86,400, 
the numbers of seconds in twenty-four hours, =s8,64 1,100,000, the quantity of cubic 
feet of mud going down the Ganges per diem. Assuming the specific gravity of mud to 
be half that of granite, the matter would equal 4,320,550,000 feet of granite. Now 
about twelve and a half cubic feet of granite weigh one ton ; and it is computed that the 
Greill Pyramid of Egypt, if it were a solid mass of granite, would weigh about 6,000,000 
of tons.” There is some reason to doubt the accuracy of Bennell respecting the quan- 
tity of earthy matter in the water of the Ganges, though it is generally agreed to be the 
most turbid river upon the face of tlie globe, owing to the lightness of the soil of the 
Bengal plains favouring its transportation by the current, and the great violence of the 
tropical rains. Supposing it therefore to hold but , /y,>th part of mud in suspension, in- 
stead of J, — an estimate given with reference to the Rhine when most flooded, — the result 
will still be, that the river discharges in two days a mass of matter equal in bulk and 
weight to the Great Pyramid. A considerable portion of this goes to form new land 
along the coast at the mouth of the Ganges, but a large quantity is swe})t onwards into 
the Bay of Bengal, and contributes to lay upon its floor a carpet of soil in course of per- 
petual renewal. 

The Sea of Azov, well-known to the Greeks and Romans under the name of Mu^otis, 
was believed in the time of Aristotle to be tilling up by the earthy mutter conducted into 
it by its rivers. Its excessive shallowness now has no doubt been j)roduced by the 
alluvium principally discharged by the Don, the average, d(‘pth of the main body of the sea 
being only between six and seven fathoms. The Yellow Sea, an arm of th(‘, (Chinese 
Ocean, so called from its w'aters being coloured by an intermixture, of particles of yellow 
mud, supplies a similar example of the accumulatioii of debris in its bed. It re(!eives th(! 
rapid Hoang Ho, one of the largest rivers of (,’hina, whi<*h carries along wdth it an 
immense quantity of earthy material in a state of solution in its waters. Sir George, 
Staunton calculated that this powerful stream brought down in a single hour two millio!i 
feet of earth, or forty millions daily ; so if the Yellow Sea be taken to be 120 fe<it deej), 
the river will convert an English square mile into firm land in seventy days. Currents 
carry far away into the ocean much of the sediment it reeeivi^s, but the immediate dispo- 
sition of the major part produces gradually increasing shoals and shallow^s, which interferii 
with the navigation. Captain Hall in the Lyra, sailed across this sea in 1816 on his 
voyage to Loo Choo, and had occasion to apprehend fairly sticking in the mud several 
times in the passage. When no land could be perci^ived from the mast-head, the ship 
was in less than five fathoms of water, and upon the ebb of the tide, its bottom was within 
three feet of the ground. It was discovered, at one time, that the Lyra was actually 
sailing along with her keel in the mud, indicated sufficiently by a long yellow train in her 
wake. There was more apparent than real danger in this extreme sliallowness, as it was 
found, by forcing long poles into the ground, that for many fathoms below' the surface on 
which the sounding lead rested, and from which level the depth of water is estimated, the 
bottom consisted of nothing but mud formed of an impalpable powder, witliout the least 
particle of sand or gravel. The fact unquestionably is, that the bottom of the Yellow 
Sea is gradually rising, from the deposits of innumerable streams flowing into it from 
China and Tartary, and in process of time, this arm of the ocean, which has probably an 
extent of 125,000 square miles, will become terra firma, exhibiting a horizontal plain like 
the great deltas of the Nile and the Ganges. 

While, by the action of nvers, soil is transported from far inland situations, and brought 
into the sea, it is borne by the currents of the ocean, which sweep along the coasts, to a 
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much greater distance from its original site. At not less than three hundred miles from the 
mouth of the Amazon, Captain Sabine found the sea discoloured by the waters of the 
river, where they were still running with considerable rapidity ; but the str(*am does not 
deposit its load of earthy matenal off’ its own estuary, for the great tropical oceanic 
current westward crosses its course, takes up a part of its burden, bears it towards the 
Caribbean St^a, and may even strew it over the bed of the Gulf of IMexico. In like 
manner, the sedimentary matter whicli the mighty Mississij)fu discharges, and the rivers 
of the United States east of the Alleghanies, is taken up by the majestic currents at the 
gulf stream, and distributed over the floor of the North Atlantic. The whole extent of 
our own east(;rn coast is annually deprived of a large mass of material by the tidal current 
of the German Ocean. It und(.*rmines and swee})s away tlje granite, gneiss, trap rocks, 
and sandstone of Shetland, and removes the gravel and loam of the elifts ol‘ IJolderness, 
Norfolk, and Suffolk, which are between fifty and two hundred feet in height, and which 
waste at the rate of from one to six yards annually. It bears away the strata of London 
clay on the coast of Ess(!X and Shcp])y — consumes the chalk with its flints for many 
miles continuously on the shores of Kent and Sussex — commits annual ravages on the 
fresh-water beds, capped by a tliick covering of chalk flints in Hampshire, and continually 
saps the foundations of the l*ortland limestone. It receives, besides, during the rainy 
months, large supplies of pebbles, sand, and mud, which numerous stniams from the 
(jrampians, Cheviots, and other chains send down to the sea. To what r(‘gions is all 
this matter consigned ? This question is no doubt answered in })art by those immense 
banks whicli are found along the coasts of England, Holland, and Denmark, and penetrate 
to the central regions of the German Ocean, equal to about J of' its whole area, or J of 
the whole extent of Great Britain. There are thus formations proceeding ujion a gigantic 
scale, elevating and variously shaping the bed of the ocean, the result of the deposition 
there of the solid materials abraded from the land by the agency of rivers and sea-currents. 



The Yulli'y of Chamouni after a Flood. 


It is easy to perceive^ that should any upheaving cause expose to the gaze of man the 
bottom of the existing seas, precisely similar phenomena would be exhibited to those 
which the continents now present. Vast spaces of regular strata would appear, bearing 
clear marks of having been formed by aqueous de{H>sition, slowly and horizontally, 
however inclined and fractured by the |K)wer of the elevating agent. 
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In addition to the soil transported from inland regions into the heart of the ocean, the 
plants and trees which fall into the river-channels through the undermining of their 
banks, or which are uprooted by their agency in floods, undergo a similar transference, 
and are finally imbedded in the sediment accumulating below the waters of the deep. 
When we reflect upon the combined influence and c()nstant action of innumerable streams 
in this respect, wc shall readily admit that, in the course of a few ages, a prodigious 
quantity of animal and vegetable remains, derived from the existing continents, receives 
a siibaqiKiOus deposition, similar remains of marine species contribute largely to augment 
ami diversify the formations in [>rocess at the bottom of the seas. We have referred to 
huge fragments of rt>ck borne by ic‘<*bergs from the shores into the central parts of the 
ocean, and there submerged upon the disstdution of their frozen vehicles ; and this single 
oj)eration must, in a century or two, work great changes, scattering isolated blocks upon 
the sandy slopes and plains over whi<‘h the North Atlantic rolls its waves, or piling them 
upon each other in every varic^ty of form. Shakesp(*ar(‘, in describing the dream of 
Clarence, draws a vivid jdetnre of other eontrihutions which the oecurrence ol disaster 
annually submerges, involving many of the human race, with the monuments ol their 
industry, and the signs of their opulence. 

Mctbon^lit that I had tirokon from tho Tower, 

And was cMtdiarkori to cross to Jtiir^jiindy ; 

Aiul, in my com|mny, my brother (ilosler: 

Who from my cabin templed me to walk 

lljion the hatches; thence we look'd toward Knglund, 

A:\(l cited up a thousand lieavy times. 

During the wars of York and Lancaster, 

'riiat had befallen us. As we paced along 
Upon the giddy footing of the hatches, 

Methought that (ilosler stumbled ; and in falling, 

Struck me, that tliouglit to stay him, overboard, 

Into the trembling billows of the main. 

O Lord 1 methought what pain it was to drown ! 

What dreadful noise of water in mine ears ! 

What sights of ugly death within mine eyes ! 

Methought 1 saw a thousand fearful wrecks ; 

A thousand men, that fishes gnawed upon, 

Wedgea of gold, great anchora, heapa of pearlf 
Ineatimable atorea, unvalued jewela. 

All scattered in the bottom of the sea. 

Some lay in dead men's skulls ; and in those holes 
Where eyes did once inhabit, there were crept, 

( As if in scorn of eyes) reflecting gems. 

That woo’d the slimy bottom of the deep, 

And mock'd the dead bones that lay scattered by.” 

During tbe recent wars of this country, the navies of the continental powers, Spain, 
France, and Denmark, were almost annihilated, and our own losses amounted to an enor- 
mous aggregate, a large number of stately vessels being battered to pieces, and consigned 
to the bottom of the deep. “ In every one of these ships were batteries of cannon, con- 
structed of iron or brass, whereof a great number had the dates and places of their 
manufacture inscribed upon them in letters cast in metaL In each there were coins of 
(topper, silver, and often many of gold, capable of serving as valuable historical monu- 
ments; in each were an inflnite variety of instruments of the arts of war and peace, 
many formed of materials, such as glass and earthenware, capable of lasting for indefinite 
ages, when once removed from the mechanical action of the waves, and buried under a 
of matter which may exclude the corroding action of sea-water. But the reader 
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must not imagine that the fury of war is more conducive than the peaceful spirit of 
commercial enterprise to the accumulation of wrecked vessels in the bed of the sea. 
From an examination of Lloyd’s lists, from the year 1793 to the commencement of 1829> 
it has appeared that the number of British vessels alone lost during that period amounted 
on an average to no less than one and a half daily , — a greater number than we should 
have anticipated, although we learti from Moreau’s tables that the number of merchant 
vessels employed at one time in the navigation of hhigland and Scotland, amounts to 
about twenty thousand, having one with another a mean burden of one hundred and 
twenty tons. Out of five hundred and fifty-one ships of the royal navy lost to the 
country during the period above mentioned, only one hundred and sixty were taken or 
destroyed by the (uieiny, the rest having either stranded or foundered, or having been 
burnt by accident, — a striking i>roof that the dangers of our naval warfare, however great, 
may be far excecjded by the storm, the hurricane, the shoal, and all the other perils of the 
de(ip. Millions of dollars and other coins have been sometimes submerged in a single 
ship, and on these, when they hai)f)en to be enveloped in a matrix ca|)able of protecting 
them from chemical changes, much information of historical interest will remain 
inscrihed, an<l endure for periods as indefinite, as have the delicate markings of zoophytes 
or lapidified plants in some of the ancient secondary rocks. In almost every large ship, 
m()r(^over, there are some j)r(‘<!ious stones set in seals, and other articles of use or orna- 
ment com[)osed of the hardest substances in nature, on which letters and various images 
are carved — engravings which they may retain when included in subaqueous strata, as 
long as a crystal preserves its natural form.” This interesting statement of Mr. Lyell 
shows, that, independent of the remains of plants and animals washed down by rivers 
from tlui land into the ocean, a vast variety of substances, diverse in kind and form, must 
necessarily be included in the strata now building up below its waters ; and reflecting 
upon the Action of that power, which, at different epochs, has upheaved our mountain 
ranges, we may conceive of the singular spectacle that would be presented to the in- 
quirer long ages hence, and of its close resemblance to that exhibited by the stratified 
rocks upon which we gaze, should an elevating cause raise up the ooze and bottom of 
the deep,” submerging the existing continents in compensation. 

In referring to the elevation of the oceanic bed, we are not indulging in any extrava- 
gant speculation, lor, besides a gradual change as the effect of deposition, a series of well- 
attested facts proclaim the occurrence of violent catastrophes. The sudden formation of 
new islands, the result of submarine volcanic action, constitute n distinct class of those 
mutations to which the oceanic realm is subject. Some of these islands, after a hasty 
start into existemee have subsided, and either entirely disappeared, or become shoals 
slightly depressed below the level of the water, while others have remained permanent. 
Some also have consisted merely of volcanic matter, while others have presented marine 
strata, and been literally the upheaved floor of the sea. 

The gulf of Santorin, one of the Cyclades, in the Grecian Archipelago, nearly encloses 
several small islands which have emerged from the deep within the period of authentic 
history. Rather more than a century before the Christian era, the small isle of Palaia 
Kameni was thrown up in the gulf. In the year 1573 another appeared, called the Little 
Kameni, a large disengagement of vapour and the discharge of pumice accompanying its 
elevation, and telling the story of its birth. A third was formed in the years 1707 and 
1709, called the New Kameni, which still exhales sulphureous vapours. These islands 
consist of volcanic products, lava, scoriae, and pumice, and of strata uplifted by the ex- 
pansive force which produced the ejection of these materials. 

Similar instances have repeatedly happened in connection with the Azores. The first 
on record is that mentioned by Kircher in 1538; another took place in 1720; and a 
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third in 1587, when an earthquake shook the island of St. George, and eighteen small 
islets rose in the oeean near its shores. The last example in this locality, and the most 
c(*lebrated, occurred in the year 1811, when the temporary island of Sabrina rose from 
the deep off the coast of St. Michael. A dangerous shoal was first thrown up from a 
depth of two hundred and forty feet of water. This took place in February. On the 
13th of June the island showed itself above the surface of tlie sea, and continued rapidly 
to increase for several days, till it attained the height of three hundred feet, and wiis 
about a mile in circumference. It had a beautiful crater, with an opening thirty feet 
wide, from which hot water poured into the sea. In the month of October of the same 
year the island began gradually to disappear, and by the end of February, 1812, no 
trace of it was visible above the waves, though vapours occasionally rosii from the spot. 
Mr. Bakewell states, upon the authority of a person who visited the Azores in 1813. 
that there was near five hundred feet of water at the place where Sabrina formerly hud 
stood. 

Barren Island, in the Indian Ocean, is fine of the most remarkable volcanic islands 
now in active existence ; the cone, situated nearly in the centre of tlie island, emits vast 



Uiirrcn Island. 

volumes of smoke, and showers of red-hot stones, some of which weigh three and four 
tons, and are cast to a distance of some hundreds of yards beyond the base ; a scanty 
vegetation finds a precarious existence on the outer ridges, often blasted by the violence 
of the eruptions : it is about six leagues in circumference, and may be distinguished from 
the rest of the Andaman Islands for a distance of thirty-six miles in clear weather; the 
base of the cone or crater is but very little higher than the level of the ocean, although 
the cone itself rises abruptly to the height of 1800 feet; it is surrounded by a wall of 
nearly equal height, which drops almost perpendicularly into the sea. At a quarter of a 
mile from the shore there is no bottom found at 150 fathoms. 

Among the Aleutian isles, a group in the North Pacific, stretching from Asia to North 
America, which consist of black masses of lava, rising peiqiendicularly from the sea, and 
peering above the clouds, a new island arose in the year 1806, which has remained firm. 
Its general form was that of an immense peak, studded with small conical hills, upwards 
of four geographical miles in circumference. Another new isle was here produced in the 
year 1814, which rose up to the height of three thousand feet, then slightly subsided, 
and has firmly established itself as a member of the Aleutian group. 

In the year 1783 an island was formed by elevation at the distance of seventy miles 
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from Cape Reykiawas in Iceland. This was attended by the ejection of such an immense 
quantity of pumice, that the surface of the ocean was covered with it to the distance of a 
hundred and fifty miles, and the spring ships were considerably impeded in their course. 
The island consisted of high cliffs, and emitted fire, smoke, and pumice from two or three 
different points. It was claimed by the King of Denmark, who denominated it Nybe, or 
the New Island, but before a year had elapsed, the sea resumed its ancient domain, a 
rocky reef remaining under the surface at the spot where this portentous production had 
appeared. The submarine eruption was a prelude to some of the most violent convul- 
sions that have mark(;d the annals of Iceland. After repeated shocks of earthquakes, the 
Skaptar volcano was roused into terrific activity, and threw out the largest body of lava 
ever witnessed since the j)eriod of authentic records. The quantity of ashes was so great 
as to affect the whole European atmosphere with obscurity, and in the Faroe Islands the 
ground was everywhere covered with particles of sand and pumice. The great earth- 
quake in Calabria which occurred in the same year — the luminous meteors observed in 
England, Holland, and various j)arts of the continent — the fog which covered Europe 
from north to south, rising above the summits of its highest mountains, and continuing 
upwards of a month — render 1783 one of the most remarkable years of modern times, 
and drew from Cowper the Expostulation in his “ Task — 

“ Fires from beneath, and mete(>rs from above, 

Portentous, unexampled, unexplained, 

Have kindled beacons in the skies ; and the old 
And crazy earth has liud her shaking fits 
More frequent, and foregone her usual rest. 

Is it a time to wrangle, when the props 
And pillars of our planet seem to fail, 

And nature, with a dim and sickly eye, 

To wait the close of all?” 

Such was the destruction of pasturage, corn-fields, and property in Iceland, caused by its 
physical convulsions at this ])c,riod, as to bring upon its inhabitants the additional 
miseries of famine, so that in the short space of two years, not fewer than 9,336 
human beings, 28,000 horses, 11,461 head of cattle, and 190,488 sheep perished on the 
island. 

The most recent instance of new formations of this class, which excited extraordinary 
interest from its locality, occurred off the coast of Sicily in the year 1831. The first 
notice of it was published in the following terms, in the Messager des Chambres : — 
“ Towards 11 o’clock on the 10th of July, 1831, Captain Jolm Corrao, commander of 
the brig Th^sine, going from Trapani to Girgenti, in Sicily, at the distance of about 
twenty miles from Cape St. Mark, perceived at the distance of a gun-shot a mass of 
water, which rose 60 feet above the level of the sea, and presented a circumference of 
nearly 400 fathoms ; a smoke proceeded from it, exhaling an odour of sulphur. The 
preceding day, in the Gulf of Trois Fontaines (Three Fountains) he had seen a great 
quantity of dead fish and of black matter floating on the water, and he heard a noise like 
that of thunder, which the captain attributed to a volcanic eruption. He continued his 
voyage to Girgenti ; and all the time that he was occupied in lading his ship, he saw a 
thick smoke rise incessantly from the same point, before which he arrived on the 16th, 
on his return from Girgenti. A new spectacle was then presented to him, namely, a 
tract of land, of the same circumference as that of the mass of water which he had 
observed on his first voyage. This island, which we shall call Corrao, from the name of 
him who saw it formed, is elevated twelve feet above the level of the sea ; it has in the 
middle a kind of plain, and the crater of a volcano, whence a burning lava is seen to 
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proceed during the night. The island is bordered by a girdle of smoke. The sounding 
all around the island gives a deptli of 100 fathoms. The lat. 37° 6' N., and long. 

. 10"LVE.fromthe 

meridian of Pa- 
. ris«” Pr.Turnhiill 

Christie, writing 

' )K*aninc(^ of a large 

rugged island com- 
ing up and falling with I’oree hack into tin; sea, so that tlie sea flew up to a great 
height, and fell down in the form of foam. This was semi to he repeated at short 
intervals, for nearly two hours. The masters of two small v(*ssels, one from Sardinia, 
and the other from Palermo, state: — ‘On the 13th instant, about 2 o’clock, r.M., being 
between Sciaoea and Pantellaria, 2o miles southward of Seiaeea, we discovered three 
columns of smoke, apparently issuing from the sea. On approaching it we h(?urd a 
great noise, like the rolling of the wheels of a steam- vessel.’ The Admiral upon the 
Mediterranean station, Sir II. Ilotliarn, immediately despatched an officcir to examine and 
ascertain the exact position of the new volcanic island, which was named Ilotliarn Island 
in honour of the commander, and the following interesting particulars were reported : — 

“ On the 18th of July, 1831, at 4 p.m., the town of Marsala bearing by compass E. 
half N., nine miles, I observed from on board His Majesty’s sloop Rapid, under my com- 
mand, a highly irregular column of very white smoke or steam, bearing S. by E. I steered 
for it, and continued to do so till 8 h. 15 m. p.m., when, having gone about thirty miles 
by the reckoning, I saw flashes of brilliant light mingled with the smoke, which was still 
distinctly visible by the light of the moon. 

“ In a few minutes the whole column became black and larger ; almost immediately 
afterwards several successive eruptions of lurid fire rose up amidst the smoke ; they sub- 
sided, and the column then became gradually white again. As we seemed to near it fast, 
I shortened sail and hove-to till daylight, that I might ascertain its nature and exact 
position. During the night the changes from white to blacky with flashes, and the erup- 
tion of fire, continued at irregular intervals, varying from half an hour to an hour. At 
daylight I again steered towards it^ and about 5 A.M., when the smoke had for a moment 
cleared away at the base, I saw a small hillock of a dark colour, a few feet above the sea. 
This was soon hidden again, and was only visible through the smoke at intervals between 
the more violent eruptions. 

‘‘ The volcano was in a constant state of activity, and appeared to be discharging dust 
and stones, with vast volumes of steam. At 7 h. 30 m. the rushing noise of the erup- 
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tions was heard. At 9, being distant from it about two miles, and the water being much 
discoloured with dark objects at the surface in various places, I hove to, and went in a 
boat to sound round and examine it. I rowed towards it, keeping on the weather-side, 
and sounding, but got no bottom till within twenty yards of the western side, where I 
had eighteen fathoms, soft bottom ; this was the only sounding obtained, except 1‘rom the 
brig, one mile true north from the centre of the island, where the depth was ISOl'athoms, 
soft dark brown mud. The crater (for it was now evident that such was its form) 
seemed to be composed of fine cinders and mud of a.dark brown colour ; within it was to 
be seen, in the intervals between the eruptions, a mixture of muddy water, steam, and 
cinders, dashing up and down, and occasionally running into the sea, over the edge of the 
cn^r, which 1 found, on rowing round, to be broken down to the level of the sea, on the 
W,S.W. side, for the space of ten or twelve yards. Here I obtained a better view of 
the interior, which appeared to be filled with muddy water, violently agitated, from which 
showers of hot stones or cinders were constantly shooting up a few yards, and falling 
into it again ; but the great quantity of steam that constantly rose from it prevented my 
seeing the whole crater. 

A considerable stream of muddy water flowed outward through the opening, and, 
mingling with that of the sea, caused the discolouration that had been observed before. 
I could not approach near enough to observe its temperature ; but that of the sea, within 
ten or twelve yards of it, was only one degree higher than the average ; and to leeward 
of the island, in the direction of the current (which ran to the eastward), no difference 
could be perceived, even where the water was most discoloured ; however, as a ‘ mirage ’ 
played above it near its source, it was probably hot there. The dark objects on the sur- 
face of the sea proved to be patches of small floating cinders. The island or crater 
appeared to be seventy or eighty yards in its external diain(‘ter, and the lip as thin as it 
could be consistent with its height, which might be twenty feet above the sea in the 
highest, and six feet in the lowest part, leaving the rest for the diameter of the area 
within. These details could only be observed in the intervals between the great erup- 
tions, some of which I witnessed from the boat. No words can d(i8cribe their sublime 
grandeur. Their progress was generally as follows : — After the volcano had emitted for 
some time its usual quantities of white steam, suddenly the whole aperture was filled with 
an enormous mass of hot cinders and dust, rushing upwards to the height of some hun- 
dred feet with n loud roaring noise, then fulling into the sea on all sides with a still 
louder noise, arising in part, perhaps, from the formation of prodigious quantities of steam 
which instantly took place. Tlic steam was at first of a brown colour, having embodied 
a great deal of dust ; as it rose it gradually recovered its pure white colour, depositing 
the dust in the shape of a shower of mud<ly rain. While this was being accomplished, 
renewed eruptions of hot cinders and dust were quickly succeeding each other, while 
forked lightning, accompanied by rattling thunder, darted about in all directions within 
the column, now darkened with dust and greatly increased in volume, and distorted by 
sudden gusts and whirlwinds. The latter were most frequent on the lee side, where 
they often made imperfect water-spouts of curious shapes. On one occasion some of the 
steam reached the boat ; it smelt a little of sulphur, and the mud it left became a gritty, 
sparkling, dark brown powder when dry. None of the stones or cinders thrown out 
appeared more than half a foot in diameter, and most of them much smaller. 

“From the time when the volcano was first seen till after I left it, tlie barometer did not 
fall or rise ; the sympiesometcr underwent frequent but not important changes ; and the 
temperature of the sea did not bespeak any unusual influence. After sunset, on the 18th, 
soundings were tried for every hour, to the average depth of eighty fathoms ; no bottom. 
The wind was N. W. ; the weather was serene. On the forenoon of the 19th, with the 
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centre of the volcano bearing by the compass S. by W. 1 W., one mile distant, good 
sights, for the chronometer gave longitude 12'' 41' E. ; and at noon on the same day, 
when it bore W. by N. i N. by compass, the meridian altitude of the sun gave the lati- 
tude 37 7 30 N. ; an amplitude of the sun the same morning gave the variation of 14 
point westerly. It is worthy of remark, that on the 28th of June last, at 9h. 30m. p.m!, 
when passing near the same spot in company with the Britannia, several shocks of an 
earthquake were felt in both ships.” 

These records of modern change and convulsion are highly instructive ; and may be 
regarded as relating the story of many formations which have marked the superficies of 
the globe for ages, transpiring before history commenced its annals, or physical pheno- 
mena had any intelligent human witness. Whole groups of islands bear evident marks 
of having been formed by volcanic activity, consisting either wholly of an accumulation 
of volcanic substances, or in connection with marine strata upheaved from the bottom of 
the sea. A great number of solitary islets likewise display the same character, and have 
been built up by the occurrence of violent catastrophes. The South Atlantic presents a 
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remarkable example of this class in Ascension Island, one of the most isolated solid sites 
above the waves of the ocean, 14o() miles from the coast of Africa, (>85 from St. Helena, 
and 520 from the nearest particle of visible land, the island of St. Matthew. Its shore 
exhibits black nitrous lava. Its surface pre.seiit.s rugged conical hills of different kinds of 
lava, some with perfect craters, scoria?, pumice, and other volcanic products being every- 
where strewed in large quantities. Not a shrub was to be seen upon its first discovery 
on Ascension-day, in 1501, by Joao de Nova Galego, and the only vegetation consisted 
of some coarse grasses and ferns. There can be little doubt resj)ecting the events denoted 
by the physical characteristics of this island. Probably the ocean here once rolled its 
waters unobstructed by any visible land, when, at some era in the past which no chronicle 
has marked, a grand revolution took place, from the action of that power which in recent 
times has invaded the dominion of the sen, and reared rocky edifices beyond the reach of 
its waves. The disturbing cause at length expended its energy, as it. has done with refer- 
ence to the Peak of Teneriffe, and the extinct volcanoes of Auvergne, and an age of tran- 
quillity ensued, marked by the ordinarily gradual and quiet operations of nature. Each 
of the existing continents furnishes innumerable proofs of having undergone similar grand 
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xwdtt<iop^ from some expaosiTe power which has lifted up, broken, and over- 

tumedil^ masses in a thousand ways. The lowest and most level parts of the earth, 
sajs Cuvier, when penetrated to a very great depth, exhibit nothing but horizontal strata 
composed of various substances, and containing, almost all of them, innumerable marine 
productions. Similar strata, with the same kind of productions, compose the hills even to 
a great height. Sometimes the shells are so numerous as to constitute the entire body of 
the stratum. They are almost every where in such a perfect state of preservation, that 
even the smallest of them retain their most delicate parts, their sharpest ridges, and their 
finest and tenderest processes. They are found in elevations far above the level of every 
part of the ocean, and in places to which the sea could not be conveyed by any existing 
cause* The summits of the Pyrenees and of the Andes, at the height of 13,000 or 14,000 
feet above the level of the sea, present them to our notice. These facts bear witness to 
the great and wonderful changes which have marked the ancient history of the earth ; for 
it is obvious that the present continents once occupied a submarine position, from which 
they have been uplifted — a change analogous to that involved in the formation of new 
islands by a process of elevation, and probably brought about by the same agency, though 
acting with an incomparably greater energy. 

While the more terrible and destructive instruments of nature occasionally interpose 
with a disturbing effect in oceanic regions, there is another class of interesting and exten- 
sive changes in constant process, wrought by the peaceful labours of organic life. In 
inappreciable numbers, the coral insects — minute and apparently insignificant agents — 
swarm in the bosom of the deep, the architects of the production called coral. This was 
generally deemed a vegetable, substance until the year 1720, when M. de Peyi’onnel of 
Marseilles commenced, and continued for thirty years, a series of observations, by which 
he ascertained the coral to be the production of a living animal of the polypi tribe. The 
general name of zoophytes, or plant-animals, has since been applied to these manne 
insects, though sometimes called lithophyles, or stone-plants. Various species are in- 
cluded in the genera, but the most abundant is the muricated madrepore, madrepora 
muricata of Linnaeus. Tliey occur most frequently in the tropical seas, and decrease in 
number and variety as we approach the poles. 

One of the coral islands, visited by the American expedition, is described by Captain 
Wilkes as showing three distinct stages of sludving coast ; the one submerged, narrow, and 
dipping rapidly ; the other broad, level, and cov(!rcd at high water, but quite bare at low 
water. On the upper ridge was the usual accumulation of coral debris and sand on which ve- 
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getation takes place. The annexed cut represents the form of several of the coral blocks seen 
by the expedition on the Paurnotu group of islands, some of them being ten feet by twenty. 

The most remarkable island of coral formation observed by this expedition, was Metia 
or Aurom Island, in lat. 15° 49' S., long. 148° 13' W. It was totally different in appear- 
ance from any they had yet met with, being a coral island, uplifted, and exposing its 
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fathoms from its perpendicular cliff*, but found no bottom \Yith loO fathoms of line. The 
cliff*, which, when measured, proved to be 250 feet high, a])pcared to be worn into caverns; 
the coral shelf was found to be 550 feet wide, extending on the northern side of the 
island, and gradually diminishing in width until it lost itself at tin* western end. 

“ As far as our observation went,” Captain Wilkes remarks, “ the upper portion of this 
island is composed of limestone or compact coral rocks *. tin*- cliff, on its eastern side, 
where we first landed, ap[)earcd stratified, horizontally, in beds of ten to twelve feet tliick, 
of a sort of conglomerate, c.oin|)osed of shells, coral, and pieces of compact rock, cemented 
together by a calcareous deposit. The under part of this b(*d had b(*en much worn by the 
sea ; the rich soil was cornjxised of decayed vegetable matter and d(*-composed limestone, 
and the slabs that were lying loose on the surface- ha«l a dinky metallic sound when 
struck. The island has unequivocal marks of having been iqilifud at diffennit periods, 
the cliff, at two different heights, appearing to have sulfennl abrasion by the sea. Stalag- 
mites were observed under the cliff, and also some- stalactitic columns, fourteen feet high 
by six in diameter.” 

Another island of this group was surveyed by the ex[)edition — the Arutua Island, 
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which was found to be connected with Nair.sa or l-)(*an’s Island. I'his last-named island 
seemed a reef washed by the sea. The coral blocks hen^ showed tlnmisidves mon; con- 
spicuously and in greater numbers than had Imm-ii hefoi'e. <»bserve.d, as will be scicn from 
the acconqianying sketch. The various sjx'cies of tln^se, animals ajjj)ear to be furnished 
with minute glands secreting gluten, which, upon (‘xudation, conv(*-rts the carbonate of 
lime in the ocean, and otlier eartliy matters, into a fixed and conerete substance, twisted 
and fashioned in every variety of shape. The formation of coral is one of thosii chemical 
processes in the great laboratory (d* natun*, whie.li the. skill of man has not (umhlcd him 
eitlnn- to imitate? or to eomprehend ; Imt the fa<!t is clear, tliat linge masses of sfdid rock 
arc formed by these diminutive living agents — sea-workers toiling ami .si)iiining to the 
music of the waves, whose constructions arc capable of resisting the tremendous power 
of the ocean, wdien most agitated by winds and tempests, and ultimately become a secure 
habitation for man himself. The coral substance appears to bear the same relation to the 
insect, as the shell of a snail or an oyster docs to either of tho.se animals, without which 
they cannot long exist; and it is upon the death of the animalcules, that their separate 
structures become firmly knit together by some mysterious cement- and serve as a basis 
for the erections of fresh races, which, as they die off, inertiase the growth of the firm 
and solid fabric. 
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** Milliontt of millions thus, from age to age, 

With simplest skill, and toil unweariable, 

No moment and no movement unimproved, 

Laid line on line, on terrace terrace spread, 

To swell the heightening, brightening gradual mound, 

Hy marvellous structure climbing towards the day. 

Each wrought alone, yet all together wrought, 

Unconscious not unworthy, instruments 
By which a hand invisible was rearing 
A new creation in the secret deep. 

Omnipotence wrought in them, with them, by them j 
Hence what Omnipotence alone could do 
Worms did. I saw the living pile ascend, 

Tile mausoleum of its architects, 

Still dying upwards as their labours closed : 

Slime the material, but the slime was turn’d 
To adamant, by their petrific touch ; 

Frail were their frames, ephemeral their lives, 

'J'heir masonry imperishable. All 

Life’s needful functions, food, exertion, rest, 

By nice economy of Providence 
Were ovcrrided to carry on the process 
Which out of water brought fortii solid rock. 

“ Atom by atom thus the burthen grew, 

Even like an infant in the womb, till I’imc 
Deliver’d ocean of that monstrous birth — 

A coral island stretching east and west.” 

Nothing more perfectly demonstrates the power of Nature to effect her vast designs 
through apparently feeble and inelficient tigents, than the coral formations. It requires, 
indeed, ocular proof of the labours of the madrepores, to credit what stupendous sub- 
marine reefs and islands, many miles in conqiass, are indebted for at least a great part of 
their structure to the secretory economy of tliese minute artificers. 

The coral insects are abundant in the Mediterranean, where corallines of beautiful 
forms and colours are produced ; but it is in the Pacific Ocean and its branches that these 
tiny workmen are effecting those mighty changes which far exceed the most remarkable 
labours of man. Interesting details have been furnished by many navigators respecting 
these formations. They attracted the attention of Captain Hall in the seas around Loo 
Choo, where the zoophytes belonging to the genera Astrea are most common, who re- 
marks : “ The examination of a coral reef, during the different stages of one tide, is par- 
ticularly interesting. When the sea lias left it for some time, it becomes dry, and appears 
to be a compact rock, exceedingly hard and ragged ; but no sooner does the tide rise 
again, and the waves begin to wasli over it, than millions of coral worms protrude them- 
selves from holes on the surface which were before quite invisible. These animals are 
of a great variety of shapes and sizes, and in sucli prodigious numbers, that in a short 
time the whole surface of the rock appears to be alive and in motion. The most common 
of the worms at Loo Choo was in the form of a star, with arms from four to six inches 
long, which it moved about with a rapid motion in all directions, probably in search of 
food. Others were so sluggish, that they were often mistaken for pieces of the rock : 
these were generally of a dark colour, and from four to five inches long and two or three 
round. When the rock was broken from a spot near the level of high water, it was found 
to be a hard solid stone ; but if any part of it were detached at a level to which the tide 
reached every day, it was discovered to he full of worms of all different lengths and 
colours, some being as fine as a thread and several feet long, generally of a very bright 
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yellow, and sometimes of a blue colour ; while others resembled snails, and some were not 
unlike lobsters and prawns in shape, but soft, and not above two inches long. The growth 
of coral ceases when the worm which creates it is no longer exposed to tlie washing of 
the tide. Thus a reef rises in the form of a gigantic cauliflower, till its top has gained 
the level of the highest tides, above which the worm has no power to carry its operations, 
and the reef, consequently, no longer extends itself uj) wards. The surrounding parts, 
however, advance in succession till they reach the surface, where they also must stop. 
Thus, as the level of the highest tide is the eventual limit to every part of the reef, a 
horizontal field comes to be formed coincident with that plane, and perpendicular on all 
sides. The reef, however, continually increases, and, being prevented from going higher, 
must extend itself laterally in all directions ; and this growth being probably as rapid at 
the upper edge as it is lower dow n, the steepness of the face of the reef is preserved ; and 
it is this circumstance which renders this species of rocks so dangerous in navigation. In 
the first place, they are seldom seen above the water; and in the next, their sides are so 
abrupt that a ship’s bows may strike against the rock before any change of soundings 
indicates tlie approach of danger.” As an instance of the caution roquii^ite in navigating 
amongst coral. Captain Hall mentions, that his ship, the Lyra, was at one time within 
three or four yards of a reef, the ragged toj)S of which were distinctly visible two or three 
feet below the surface, while, at the same moment, the leadsman on the opposite side of 
the vessel sounded in nine fathoms. 

Captain Flinders, while surveying the coasts of New Holland, examined the coral 
formations in process there, particularly those of Half-Way Island, on the north coast of 
that region. ** This little island, or rather the surroutiding reef, wliich is three or four 
miles long, affords shelter from the south-east winds ; and being at a moderate day’s run 
from Murray’s Isles, it forms a convenient anchorage for the night to a ship passing 
through Torres’ Straits. 1 named it Half-Way Island. It is scarcely more than a mile 
in circumference, but appears to be increasing both in elevation and extent. At no very 
distant ])eriod of time, it w^as one of those banks produced by the washing up of sand and 
broken coral, of which most reefs afibrd instances, and those of Torres’ Straits a great 
many. These banks are in different stagt;s of progress : some, like this, are become 
islands, but not yet habitable ; some are above high-wat(^r mark, but destitute of vege- 
tation ; while others are overflow^ed with every returning tide. It seems to me, that 
when the animalcules, which form the corals at the bottom of the ocean, cease to live, 
their structures adhere to each other, by virtue either of the glutinous remains within, 
or of some property in salt wat(T ; and the interstices being gradually filled up with sand 
and broken pieces of coral washed by the sea, which also adhere, a mass of rock is at 
length formed. Future races of these animalcules erect their habitations upon the rising 
bank, and die in their turn to increase, but principally to elevate, this monument of their 
wonderful labours. The care taken to work perpendicularly in the early stages, would 
mark a surprising instinct in tln^se diminutive creatures. Their wall of coral, for the 
most part, in situations wliere tlie winds are constant, being arrived at the surface, affords 
a shelter to leeward of which their infant colonies may be safely sent forth ; and to this, 
their instinctive foresight, it seems to be owing, that the windward side of a reef exposed 
to the open sea, is generally, if not always, the highest part, and rises almost perpen- 
dicular, sometimes from the depth of two hundred, and perhaps many more, fathoms. To 
be constantly covered with water, seems necessary to the existence of the animalcules; 
for they do not work except in holes upon the reef, below low-water mark ; but the coral, 
sand, and other broken remnants thrown up by the sea, adhere to the rock, and form a 
solid mass with it, as high as the common tides reach. That elevation surpassed, the 
future remnants, being rarely covered, lose their adhesive jiroperty, and, remaining in a 
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loose ftate| fbm^ is osuallj called a key upon the top of the reef. The new bank is 
not kmg in beifig visited by sea-birds $ salt-plants take root upon it, and a soil begins to 
lip n ooooa-not or the drupe of a pandanus is thrown on shore ; land-birds visit 

the seeds of shrubs and trees; every high tide, and still more every gale, 
bank; the form of an island is gradually assumed; and last of all 
bpMi man to take possession. 

Half-way Island is well advanced in the above progressive state ; having been many 
years, probably some ages, above the reach of the highest spring tides, or the wash of the 
surf in the heaviest gales. 1 distinguished, however, in the rock which forms its bans, 
the sand, coral, and shells, formerly thrown up, in a more or less perfect state of cohesion, 
small pieces of wood, pumice stone, and other extraneous bodies which chance had mixed 
with the calcareous substances when the cohesion began, were inclosed in the rock, and in 
some cases were still separable from it without much force. The upper pail: of the island 
is a mixture of the same substances in a loose state with a little vegetable soil ; and is 
covered with the casuarina and a variety of other trees and shrubs, which give food to 
parroquets, pigeons, and some other birds, to whose ancet»tors, it is probable, the island 
was originally indebted for this vegetation.” 

Captain Beechey, during his expedition to the Pacific in the ship Blossom, collected a 
large mass of interesting information respecting the peculiarities of form and structure 
exhibited by the coral islands. Of thirty-two examined by him the largest was thirty 
miles in diameter, and the smallest somewhat less than a mile. They were of various 
shapes, and all f ormed of living coral, except one, called Henderson’s Island, which was 
partially surrounded by it. They all appeared to be increasing their dimensions by the 
active operations of the zoophytes, which are gradually extending their structures, and 
bringing the immersed part to the surface of the water. Twenty-nine of the number had 
lagoons or lakes in their centres, a proportion sufficiently large to render it highly 
probable that tlie remainder also had them in the early period of their formation, and 
that this is a peculiar structure common to tlie coral islands. The depth of tluise lagoons 
is various ; in some which were entered, it was from twenty to thirty-eight fathoms, but 
in others, to which no access was gained, it appeared from the light blue colour of the 
w^ater to be vtu’y small. The bases of the lagoons are formed of coral, and are gradually 
filling up by the labours of the insects, and by the deposition of sand and zoophytic 
substances; so that the lakes will in jnoccss of time vanish, and one connected mass of 
land present itself. At Ducic’s Island, the lagoon in tlie centre was partly enclosed by 
trees, and owing to tlie transparency of the water, the bottom presented a submarine 
picture of extreme beauty. The corallines were of various colours, pink, blue, white, 
lilac, and yellow ; and numerous small fish of brilliant hues, threading the labyrinths of the 
coral branches, or, when alarmed, darting rapidly for shelter into the recesses of the stony 
thickets, afforded a singularly pleasing and almost kaleidoscopic effect. It is remarkable, 
that as almost all these islands arc situated within the action of the trade winds, they 
follow one general rule in having their windward sides higher and more protected than 
the others, and not nnire(|ucntly well wooded, while the ojiposite ones are only half- 
drowned reefs, or wholly under water. At (Jambia and Matilda islands this inequality 
was very conspicuous, the weather sides of both being wooded, and of the former inhabited, 
while the other sides were from twenty to thirty feet under water. It would seem that 
the coral insects pursued their labours under tlie guidance of a surprising instinct, 
apprehending from what quarter danger threatened their structures, and hence erecting 
buttresses to oppose the action of the waves impelled by the trade wind. The observations 
of Captain Horsburgh and other hydrographers upon the coral islands of other seas are 
in harmony with the preceding statements, chiefly derived from Captain Beechey. The 
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Chagos isles in the Indian Ocean are coral formations of a horse-shoe shape opening to 
the north-west, while the prevailing wind blows regularly from the south-east. 

The rapidity of the growth of the coral is a point upon which nothing certain can be 
stated, owing to the want of ancient observations with which to compare those of the 
present day. The Dolphin reef off Point Venus in Otaheite, when first examined by 
Ci^tain Wallis in 1769, had twelve feet of water upon it. Captain Beechey found it in 
much the same state in 1826 after an interval of fifty six-years. But this reef being 
within the infiuence of rivers cannot be taken as a criterion of the increase of cond 
limestone, oa'ing to the aversion of the zoophytes to fresh water. In the year 1792 the 
Matilda, a whaler, was wrecked in the night time upon a reef of coral rocks, in latitude 
22® S., and longitude 138° 34'. Upon an island answering to this situation Beechcy 
found unequivocal signs of a shipwreck ; part of a vessers keel and fore-foot, broken 
casks, a number of staves, hoops, lances, and harpoons, two anchors, and a leaden puinp 
with the date of 1790 upon it. The date, the nature, and the situation of these remains, 
left no doubt that they belonged to the unfortunate Matilda ; but whether they had been 
washed up to their present site by some extraordinary high tide and sea, or whether the 
reef had since grown upwards, and raised tlieni above tlic reach of the waves, could not 
be determined. Beechey thought tlie former the most probable, but it is evident, as Jie 
remarks, that a considerable alteration has taken place since the wreck, as the crew 
described themselves to have been lost on a reef of rocks^ whcrc'as the island is fourteen 
miles in length, with a deep central lagoon, and lias a well-defined aspect, one of its sides 
being covered nearly the whole way with high trees, which are very conspicuous, and 
could not fail to be seen by persons in the situation of the crew, had the same appearance 
been presented there. While the anchors were found not at all overgrown with coral, 
which may have arisen from the oxide fornuHl being prejudicial to the animalcules, a 
species of large shell-fish, the C/iama f/tf/asy while the animal was yet living, was observed 
so completely covered, that a space of only two inches was left for the extremity of the 
shell to open and shut. It is supposed by coindiologists that the ehima may require 
upwards of thirty years to attain its full size, but from an isoltited fact like this no judg- 
ment can be formed respecting the rate of advance of the coral formations in general. 
The augmentation may be slow, but it is steady and constant, for it is p(*rfectly accordant 
with the instincts of animals to continue working without intermission until their labours 
are consummated, or their lives extinct ; and it is obvious that until the dissolution of 
our planet shall arrive, the zoophytes will perpetuate their races, and the ocean keep up 
its supply of lime. Comparing the state of the coral formations now in i)rogres8 after the 
lapse of a century, only a slight alteration may be peTcef)tihle, so extensive is their area ; 
but there can be no question that if we could study them after the lapse of several centu- 
ries, vast changes would be observable ; the filling up of channels with reefs, and the 
conversion of reefs into islands. 
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CHAPTER XI. 

AXTERATIONS OF COAST LINE. 

STRUGGLE for the mastery is perpetually going 
on between the sea and the dry laud, in the 
course of which extensive changes are effected 
in the disposition of the coast, though mutual 
losses in the struggle are compensated by cor- 
responding gains, so as to leave each of the 
contending agents in possession of about the 
same amount of territory. In some places the 
ocean obtains the superiority by very gradual 
advances, which only become sensible after 
long intervals of time, but occasionally, under 
the action of extraoi*dinary storms, it bounds 
over the embankments of a low shore, sweeps 
them away entirely, overflows interior levels, 
and retains a permanent hold of its conquest. 
In other places its waters retire before the slow 
advance of the land, large tracts of which are 
formed by the constant accumulation of sand 
or the alluvium of rivers, and the coast in- 
vades the dominion of the deep, so that where 
its waves have gently played or wildly raged, 
a new theatre is created for human industry 
and the purposes of vegetation. The instances 
in which the sea encroaches in a sudden and violent manner are of rare occurrence ; but 
taking a view of physical operations through several centuries, we find no inconsiderable 
number of examples of these hasty and terrible inroads. It has frequently happened in 
earthquakes, that the sea has rushed upon the shores in tremendous waves, dashed away 
whole masses of coast, and accomplished a lodgement for its floods where fields were vei’- 
dant, and man had long enjoyed a quiet habitation. During the great earthquake at 
Lisbon, the water retired from the harbour and left the bar dry, but it suddenly rolled in 
again in an immense volume, winch rose in some places to the height of sixty feet, inun- 
dating the western shores of Portugal, and a sea-port called St. Eubal’s, about twenty 
miles south of the Tagus, was engulfed, and totally disappeared. The earthquake whicli 
desolated Peru in 1746 was attended with a similar attack upon the land by the ocean. 
The Puoa£c broke with resistless fury upon the coast, destroying several sea- ports, 
carryir^ ships a considerable distance up the country, and converting a large tract of 
inhabited land in the neighbourhood of Callao into a permanent buy. A remarkable 
swell of the sea occurred at Jamaica in 1780, the effect of submarine disturbance, when a 
great wave assailed the western coast, and swept away the whole town of Savanna 4a 
Mar in an instant, so that not a vestige of man, beast, or habitation survived the irrup- 
tion. But in 1692 the coast of the island suffered still more extensive ravages from the 
violence of an earthquake. At Port Royal, then the capital, three quarters of the build- 
ings, and the ground they stood upon, sunk down with their inhabitants entirely under 
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water. Large atorehouBes, erected near the harbour, subsided till they were from twenty- 
four to forty-eight feet under the level of the sea. Many of the buildings appear to have 
sunk without falling; for the chimney-tops were afterwards seen projecting, in some 
instances, above the lurface of the water, with the mast-heads of several ships wrecked in 
the harbour. A frigate — the Swan — which was undergoing repairs at the wharf, was 
driven over the tops of many of the submerged houses, and at last rested upon the roof of 
one of them, through which it broke. During the first shock, a tract of land adjoining 
the town, to the extent of about a thousand acres, was depressed, and the sea immediately 
rolled in. Such events as tliese may commend to our attention the ancient accounts of ! 
similar catastrophes as substantially true, though invested with fictitious details by the 
Greek historians and poets — the Ogygian flood, the Samotliracian deluge, with 

** That watery massacre, which quite destroyed 
Thessaly, man and woman, and children frail, 

Birds, beasts, the very worm, the tree, the flower. 

When nothing was but ruin, and nought seen 
But one monotonous dreary w'aste of waves 
Tumbling in monstrous eddies.’* 

These great disturbances, and the changes that transpire in ti more gradual manner, led 
Aristotle to remark, that the “ same tracts of the earth arc not some always sea, and 
others always continents, but every thing changes in the course of time.” 

Violent tempests, without any submarine convulsions, have frecpicntly brought large 
portions of the coast under the dominion of tlu; ocean. According to popular tradition, tlie 
Goodwin Sands, off the Kentish coast, once formed part of thi? estate of Goodwin, carl of 
Kent, which the sea overwhelmed in the year 1099. It is certain that such catastrophes 
have repeatedly occurred, and our early annalists mention extensive depredations committed j 
by the ocean upon our shores at that time. Florence of Worcester says : — “ On the third j 
day of the nones of Nov. 1099, the sea came out upon the shore, and b»iri(*d towns and men 
very many, and oxen and sheep innumerable.” The Saxon Chronicle likewise for that 
year states : — “ On St. Martin’s-mass day, the 11th of Novembre, sprung up so much of 
the sea-flood, and so myckle harm did, as no man minded that it ever al’ore did, and there, 
was the ylk day a new moon.” The Goodwin Sands are now separated from the coast of 
Kent by the well-known roadstead of the Downs, a eluinnel which is from three to six 
miles wide. It has been a common impression that they posstfss an ingurgitating |)ro- 
perty, so that ships striking on them arc very speedily swallowed up ; but the sand, which 
rests on blue clay, is found to he of the same quality with that on the shore about Deal ; 
and, all circumstances considered, there is nothing improbable in the idea, that in the 
Saxon age this large bank, which is completely eov(jred at high water, was citlier a 
cultivated island, or an integral portion of the neighbouring county. An obscure tradi- 
tion likewise floats about Cornw^all, that the western extremity of that county once 
extended farther than at present, and that a tract of country, called, according to Camden, 
Lionnesse, which the sea has washed away, anciently connected the Seilly iHlaiHls with 
the mainland, and formed part of the territory of the renowned King Arthur and his 
valorous knights. Although there is no evidence for this story, it may yet he deemed not 
unlikely, when we consider the general violence of the sea in that region, and the changes 
which have transpired there within the period of authentic history, and are still in pro- 
gress. The Seilly Islands, though consisting chiefly of granitic ro(;k, arc at present 
slowly yet surely wasting away, owing to the rude assaults of tlu^ billows of the Atlantic, 
while an insulated rock, called the Wolf, lies between them and the main, composed of 
limestone, which yields more readily to the action of the waves, and may be a surviving 
fragment of the destroyed Lionnesse. Some Cornish writers suppose the Bay of Pen- 
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zancc, in which the striking insulated rock of St. Michael’s Mount occurs, to have once 
been a part of the mainland of Cornwall, submerged by a violent inroad of the ocean. 
The surface of the rock is every where covered by long hoary moss, which gives it a 
venerable ruin -like appearance, and perhaps originated the name it 'is said to have borne 
in the time of the Druids — the Here llock in the Wood.” There is evidence, which 
deserves attention, that the wide expanse of sea surrounding the rock at high Avater was, 
in ancient times, the site of a wood ; and the Mount itself is believed to have been distant 
five or six miles from the former shore. At low water, many large trees have been dug 
up from the surrounding sands, which the miners regard as monuments of the vegetation 
of the antediluvian world. But the druidical name indicates that these trees were flou- 
rishing here at a comparatively recent period : and the freshness and preservation of some 
of them support the conclusion ; for, besides the roots and trunks of large forest-trees, 
there are many small bushes with leaves and nuts upon their branches, which appear to 
have been growing where they are found. It has been inferred, from the circumstance 
of ripe nuts and leaves remaining together, that a sudden irruption of the sea must have 
taken place in autumn, which submerged this woodland district, and has since buried the 
vegetation beneath a bed of sand from one to two feet in thickness. In the time of 
Edward the Confessor, the rock of St. Michael’s Mount was the site of a monastery, 
described as being near the sea ; and as the storm of 1099, mentioned in the Saxon 
Chronicles, occurred in the autumn, the submersion of the district has been referred to 
that inundation. A series of more authentic notices of extensive inroads of the sea 
when agitated by storms upon the coast of Sussex, occurs in Dr. Mantel’s account of 
the geology of that county. Within a period of no more than eighty years, twenty 
of these invasions are mentioned, in which tracts of land of from twenty to four 
hundred acres in extent have been swept away at once, the value of the tithes being 
mentioned by Nicholas in his Taxatio Ecclesiastica. Brighton, when a mere fishing 
village, in the reign of Elizabeth, stood upon a site where the sea now rolls, and the chain- 
pier stands. 

The more important of these sudden and terrible actions of the sea, since the eighth 
century, are mentioned in chronological series in the following table, taken from the 
work of M. Hoff, with some additions from other sources. 

Years. 

800. The sea carries off a large quantity of the soil of Heligoland, islands in 
the German Ocean, ofi* the mouth of the Elbe, previously of considerable 
extent, but subsequently much reduced. 

800 — 900. Tempests change the coasts of Brittany : valleys and villages are 
swallowed up. The Bretons have a tradition, which has descended 
frt>m the fabulous ages, of the destruction of the south-western part 
of Brittany. 

800 — 950. Violent storms agitate the lagunes of Venice. The isles of Ammiano and 
Costanziaco disappear. 

1044—1309. Terrible irruptions of the Baltic on the coasts of Pomerania, which com- 
mit great ravages, and giv^ise to the popular rumour of the disappear- 
ance of the fabulous city o^^ineta. 

1106. Old Malamocca, a considerable town near Venice, engulfed by the sea. 

. 1218. A great inundation formed, near the mouth of the Weser, the gulf of 
Jadhe, so named from the small river which watered the fertile country 
destroyed by this catastrophe. 

1219, 1220. Terrible storms form the island of Wieringen. This lies to the south of 
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Years. 

1221, 1246. the Texel, and was part of the mainland of North Holland in the year 

1251. 1205. It was detached from the continent by the high floods which 

occurred in the annexed years. 

1277, 1278, Inundations engulph the fertile country of Reiderland, an alluvial plain 

1280, 1287. at the mouth of the Ems in the time of the Komans, stretching between 
Groningen and East Friesland. Two small streams, the Tiam and the 
Eche, which watered this district, disappeared. The town of Toruin 
a considerable place, was destroyed, along with upwards of fifty market- 
towns, villages, andf monasteries. A new gulf, called the Dollart, now 
occupies their site. 

1282. Violent tempests break the isthmus which united Holland with Friesland, 
and form the Zuider Zee. 

1240. An irruption considerably changes the western coast of Schleswig; many 
fertile territories are swallowed up, and the arm of the sea which 
separated the island of Nordstrand from the continent is greatly 
enlarged. 

1300, 1500, Three fourths of Heligoland are swept away. 

1649. 

1300. Ciparum, in Istria, destroyed. 

1303. A great part of Rugen engulfed, and many villages on the coast of 
Pomerania. 

1337. An inundation carries off fourteen villages in the isle of Cadannd, in 
Zealand. 

1421. An inundation covers a district named Bergsewehl, in Holland, destroys 
twenty-two villages, and forms the Bies-boscb, n large sheet of water 
extending from Gertruidenberg to the isle of Dordrecht. 

1475. Land near the mouth of the Humber swept away, and several villages 
destroyed. 

1500. The parish of Bourgneuf, in Brittany, and several others in that neigh- 
bourhood, overflowed. 

1510. The Baltic forms the mouth of the Frisch-haff. 

1530 — 1532. The sea engulfs the town of Kortgene, in the island of North Bcveland. 

In the latter year the eastern portion of South Beveland is carried 
away, with several villages, and the towns of Borselcn and Remerswulde. 

1570. A violent storm destroys half of the village of Scheveningen, north-west 
of the Hague. The church, once in the middle of the village, now 
stands on the shore. 

1625. The sea detaches part of the peninsula of Dars, in Swedish Pomerania, 
and forms of it the island of Zingst. 

1634. An irruption submerges the whole island of Nordstrand, a large and 
populous district, which had originally been a part ol* the continent, 
and detached by a previous inroad of the waters. On the evening 
of the 11th of October, 1634, the sea broke over it, destroying 1358 
houses, churches, and tov|||6, 50,000 head of cattle, and upwards of 
6000 persons. There now remains of this once flourishing and fertile 
island, the three islets named Pelworm, Nordstrand, and Lutze-moor. 

1658. The island Orisant annihilated. 

1719. Land torn away at Catwyck, which, though once far from the sea, is now 
upon the shore. 
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Year*. 

1726. A violent storm changes the salt marsh of Araya, in the province of 
Cumana, into a gulf several leagues wide. 

1770 — 1785. Currents and tempests hollow out a channel between the high and the 
low parts of Heligoland, and transform into two islets this island, so 
extensive before the eighth century. 

1784. A violent storm, according to M. IIofT, forms the lake of Aboukir, in 
Lower Egypt. 

1791 — 1793. New irruptions destroy the dykes, and carry off other parts of the already 
reduced island of Nordstrand. 

1803. The sea sweeps away the last remains of the priory of Crail, in Fifeshire. 

The most remarkable alteration of the coast line mentioned in this record, as the effect 
of a sudden invasion of the ocean, is that which originated the present Zuider Zee, or 
the South Sea, so called to distinguish it from the North Sea, or Grerman Ocean, a great 
gulf dividing Friesland, Drenthe, and Gelderland from Holland and Utrecht. This 
gulf covers an area of about 12,000 square miles, and is about twice the size of the 
county of York. It was not in existence in the time of the Romans, but a low swampy 
marsh occupied its place, drained by tlie river Yssel. In this district there were several 
lakes, particularly the great lake Flevus, mentioned by Tacitus and Pomponius Mela. 
The former relates the arrival at it of the Roman fleet under Germanicus, through the 
canal of Drususj'an artificial branch connecting the Rhine and the Yssel. No material 
change appears to have occurred here before the commencement of the thirteenth century. 
Then the sea broke over the isthmus which connected Friesland with North Holland, 
ultimately cut it away, forming the present Straits of Staveren. The lake Flevus was 
absorbed, a considerable portion of the surrounding country was submerged, and the 
Zuider Zee was contjtructed by the advance of the ocean in the form and depth which 
it still preserves. If, as the Persic verses affectingly state, describing the transitory 
nature of human greatness, 

“ The spider has wove his web in the imperial palaoe, 

And the owl hath sung her watch>song on the towers of Afrnsiab, 

it is no less true that the features of nature have alternated as strikingly, marine inha- 
bitants sporting in sites where land animals have roamed in sylvan scenes ; and we may 
fairly accept these changes, wltich are known to have transpired since the date of 
authentic history, as samples of tlie revolutions that occurred at a more remote period, 
of which no chronicle has been preserved. It has been supposed, that as the Straits of 
Staveren were closed prior to the thirteenth century, the sea then cutting its way 
through the isthmus, so were tlie Straits of Dover once occupied by an isthmus, 
connecting the coasts of England and France, which a violent irruption of the ocean 
partially destroyed, and then gradually scooped out the present channel. There is 
nothing contrary to the analogy of undoubted physical events in this supposition, and it 
is supported by some striking evidence. Desmarest argued in its favour from the 
identity of the cliffs in composition on each side of the channel, from the fact of a 
submarine chain running from Boulogne to Folkestone only fourteen feet under low 
water, and from the circumstance that the same noxious animals are common to both 
countries, which could never have themselves effected the passage of the straits, and 
which man would not have introduced. 

The bolder coasts seem to present an impregnable front to the attack of storms and 
tempests, both by their height and the rocky materials of which they are composed ; yet, 
however they resist the farther progress of the waves, when the sea, swollen by tides, 
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and agitated by the blast, rises and beats against them with inconceivable fury, the 
continual action of the water slowly consumes their masses. The perpetual play of waves, 
tides, and currents gradually wastes away the base of towering cliffs ; and when this pro- 
cess of undermining has reached a certain extent, the upper parts, deprived of support, 
fall down, and, after their destruction, a fresh attack commences upon the coast line. 
This demolition proceeds at a varying rate, according to the hardness or yielding nature 
of the material that forms the shore. The granite rocks endure lor ctmturies the wear 
and tear of the ocean with but little loss, wdiilc the limestone and chalk clifis are more 
easily subdued. The chalk cliff at Dover has suffered large and repeated losses since 
Shakespeare wrote the notice of it in King Lear : — 


** The crows and choughs that wing tlie midway air 
Show scarce so gross as beetles. Half-way down 
^ Hangs one that gathers samphire ; dreadful trade ! 

Methinks he seems no bigger than his head : 

The fishermen that walk upon tlie beach 
Appear like mice ; and yon tall anchoring hark, 

Diminished to her boat — her boat, a buoy 
Almost too small for sight. The murmuring surge, 

That on th* uiinumher*d idle pebbles cliafes, 

Cannot he heard so high : — Til look no more, 

I..est my brain turn, and the deficient sight 
Topple down headlong.” 

Immense fragments have frequently fallen from this cliff, owing to the undermining of 
its base, some of which have shaken the neighbouring town as by an cnrtlKpiake, and the 
height of the cliff has been considerably abridged by these detatdiments, the slope of the 
hill being towards the land. The slipping down of large masses of steep coast is a phe- 
nomenon due to the same cause — the loosening of the foundations by the incessant 
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assaults of the ocean upon it, in connection w’ih the action of springs, which filter 
through, displace the softer strata, and leave the more solid formations destitute pf sup- 
port. The Undercliff in the Isle of Wight, a series of terraces, some of which have been 
long settled, while others are more recent and ruinous, is an example of these landslips. 
They occur upon a grand scale along the coast of the Crimea, where extensive tracts of 
the shore are often dislodged, sinking down as they slide forwards, sometimes bearing 
with them the trees, and the houses of the natives, uninjured. A slip of this kind took 
place at Folkstone, on the coast of Kent, about tlie year 171G, when a solid mass of chalk 
resting on clay moved gradually towards the sea, “just as a shij) is launched on tallowed 
planks;” and part of the promontory of Bcachy Head, three hundred feet in length, in a 
similar manner gave way in the year 1813. Hutchins records a memorable slide in his 
History of Dorsetshire, which happened on that shore in 1792 : — “ Early in the morning 
the road was observed to crack. This continued increasing, and before two o’clock the 
ground had sunk several feet, and was in one continual motion, but attended with no 
other noise than what was occasioned by the separation of the roots and brambles, and 
now and then a falling rock. At night it seemed to stop a little, but soon moved again, 
and before morning the ground, from the top of the cliff ^;o the water-side, had sunk in 
some places fifty feet perpendicular. The extent of ground that moved was about a mile 
and a ejuarter from north to south, and six hundred yards from cast to west.” 

Electricity — the action of ordinary atmospheric changes — the incessant percolation of 
springs — tlie violent, and more gentle yet constant dash of the waves — these are causes 
which operate to dislodge the masses from a rocky coast which are found lying in chaotic 
confusion upon many a beach, doomed finally to decay from the still continued influence 
of some of the agencies that have effected their disruption, but undergoing great annual 
changes in their disposition when situated upon an exposed shore. In the Shetland Isles, 
upon which the Atlantic bears with unchecked power, enormous blocks are cvcu*y winter 
shifted by the might of its waves, and sometimes transported to a considerable distance, 
even up the slope of an acclivity. “ The Isle of Stenness,” says Dr. Hibbert, “ pre- 
sents a scene of uneciualled desolation. In stormy w'inters, huge blocks are overturned, 
or are removed from their native beds, and hurried up a steep acclivity to a distance 
almost incredible. In the winter of 1802, a tabular-shaped mass, eight feet two inches by 
seven feet, and five feet one inch thick, was dislodged from its bed, and removed to a 
distance of from eighty to ninety feet. I measured the recent bed from which a block 
had been carried away the preceding winter (1818), and found it to be seventeen feet and 
a half by seven feet, and the depth two feet eight inches. The removed mass had been 
borne to a distance of thirty feet, when it was shivered into thirteen or more lesser frag- 
ments, some of which were carried still farther — from thirty to one hundred and twenty 
feet. A block, nine feet two inches by six feet and a half, and four feet thick, was hurried 
up the acclivity to a distance of one liundred and fifty feet.” Speaking of the island of 
Rocness, he states : “ A mass of rock, the average dimensions of which may perhaps be 
rated at twelve or thirteen feet square, and four and a half or five in thickness, was first 
moved from its bed, about fifty years ago, to a distance of thirty feet, and has since been 
twice turned over. But the most sublime scene is where a mural pile of porphyry, 
escaping the process of disintegration that is devastating the coast, appears to have ^en 
left ns a sort of rampart against the inroads of the ocean ; the Atlantic, when provoked 
by wintry gales, batters against it with all the force of real artillery, the waves having, 
in their repeated assaults, forced themselves an entrance. This breach, named the Grind 
of the NAvir, is widened every winter by the overwhelming surge that, finding a passage 
through it, separates large stones from its sides, and forces them to a distance of no less 
than one hundred and eighty feet. In two or three spots, the fragments which have been 
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detached are brought together in immense heaps, that appear as an accumulation of 
cubical masses — the product of some quarry.” We have other examples of the resistless 
power of the element, in the hollowing out of caverns in the rocks exposed to a boisterous 
sea, and in the fretted and columnar appearance of promontories. Some fine instances 
occur in the Flamborough chalk cliffs, the Filey Bridge rocks, and those of schistus near 
Whitby, in the latter of which the cave called Hob-Hole luid some years ago a most 
romantic appearance, having a double pillar in the middle of the entrance. But these 
aspects are destined to undergo further change, by the continuous agency of the cause 
which has produced them. The pillar in Hob-Hole has been demolished by the waves, 

but the cavern is still 
seventy feet long by 
twenty wide at the 
mouth. There are groups 
of insulated rocks, which 
have evidently been one 
connected mass, sepa- 
rated into fragments of 
fantastic and needle- 
shaped form, while otliers 
have been parted from 
neighbouring coasts, by 
the constant lashing of 
the ocean. The Arched 
Rock in the Bay of 
Freshwater, off the Isle 
of Wight, and several 
insulated masses in its vicinity, jilainly hespeak their original connection with the cliffs 
on shore, though now six hundred feet from them, the perforation of the former having 
been effected by the same devastating power to which the detachment of the rock itself 
from the parent island is to be attributed. In the same district, there can be no doubt 
that the five rocks called the Needles once formed the western extremity of the island, 
and have been insulated from it and from each other, and reduced to their present shape 
and size, by the fury of the waves. Though now of considerable extent and altitude, 
their ultimate fate is not questionable, the original Needle or spiral rock which gave the 
name to the group, and which was KiO feet high, having vanished below the surface of 
the water in 1764, in consequence of the undermining of its base. Since the year 1770, 
a current has cut a passage through the remaining portion of Heligoland, once a cele- 
brated stronghold of the Saxons, but largfdy reduced by the sea during the middle ages, 
and ships now sail between the two islands into wliich it has been formed. The for- 
mation of Start Island out of the north-cast promontory of Sanda, one of the Orkneys, 
divided by the sea, is an operation of modern times ; and appearances indicate that the 
Isle of St. Mary — one of the Scilly group — will, in no long course of time, be cut in two. 

The authentic details which have been collected respecting the gradual waste of several 
parts of our own coast, are of singular interest, and exhibit a large amount of land swept 
away by the encroachments of the ocean. The Castle of St. Andrews, on the coast of 
Fife, had in Cardinal Beaton’s time a tract of land intervening between it and the sea; 
but this has entirely disappeared, with some of the ruins of the castle, the rest of its 
remains, standing on the edge of a cliff, serving as a landmark for seamen. Mr. Steven- 
son, an engineer, states, that from St. Andrew’s northward to Eden Water and the river 
Tay, the coast presents a sandy beach, and is so liable to shift, that it is difficult to trace 
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The Needles. 


the change it may have undergone. It is certain, however, that within a recent period 
the sea has made such an impression upon the sands of Barrey, on the northern side of 
the Tay, that the light-houses at the entrance of the river, which were formerly erected 
at the southern extremity of Buttonness, have been from time to time removed about a 
mile and a quarter farther northward, on account of the wasting and shifting of these 
sandy shores, and that the spot on which the outer light-house stood in the seventeenth 
century is now tyro or three fathoms under water, and is at least three quarters of a mile 
within flood-mark. At the ancient town of Burghhead, to the north of the Spey, an old 
fort or establishment of the Danes was built upon a sandstone cliff, which, according to 
tradition, had a very considerable tract of land beyond it, but it is now washed by the 
waves, and overhangs the sea. Tlie old town of Findliorn has been destroyed by the 
ocean, and the site of it is now overflowed by every tide. At Fort George, some of the 
projecting bastions, formerly at a distance from the sea, are now in danger of being 
undermined by the water. Similar destroying efiects have been gradually produced by 
oceanic action along the cast coast of England. 

The Abbey of Whitby, at its first erection by Lady Hilda in 658, is reported to have 
been a mile from the sea ; but the distance from the verge of Whitby east cliff to the nearest 
part of the abbey, measured in the line of the transept, was found in 1816 to be little more 
than 200 yards. Along the coast line of Yorkshire, from Bridlington Quay to Spurn Point, 
the shore has no important inlet or projection, and consists of beds of clay, gravel, sand, 
and chalk rubble ; and exposed to a strong current from the north, as well as to the 
uncontrolled action of the waves, the annual devastation committed here is very extensive. 
Of the villages of Auburn, Hartburn, and Hyde, in the Bay of Bridlington, only the 
remembrance remains. Several places on the shore preserve, in the termination of their 
names, a memorial of meres, or fresh-water lakes, once having existed in their neighbour- 
hood ; as Skip^ca, Kiln^ca, and Withern^ca, the Scandinavian sjo signifying a lake ; but 
the sea has broken into these meres, and absorbed them, though recesses on the shore seem 
to mark the spots they once occupied. The mere at Hornsea still survives ; but this place, 
which was once several miles inland, has been brought within half a mile of the water 
edge, and the hamlet of Hornsea Beck been utterly destroyed. The waste of the coast 
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amounts to about four yards a year ; and farmers may be met with who have witnessed 
the com wave where the sea now prevails. The depredations of the ocean towards Spurn 
Point, at the entrance of the Humber estuary, have been still more considerable ; nor is it 
unlikely that the Point will ere long become an island. Ravenspiir — with the latter part 
of which word the name Spurn seems to be connected, an important place in this locality 
— has long since been lost, with a number of other places in the vicinity, belonging to 
Birstal Priory ; and the site of the priory itself has been totally swept away. Pennant 
remarks : “ The site, and even the very names of several places, once towns of note upon 
the Humber, are now only recorded in history; and Ravenspur was at one time a rival 
to Hull, and a port so very considerable in 1332, that Edward Paliol and the con- 
federated English barons sailed from hence to invade Scotland; and Henry IV., in 1399, 
made choice of this port to land at, to effect the dcposal of Richard II. ; yet the whole has 
long since been devoured by the merciless ocean : extensive sands, dry at low water, are 
to be seen in their stead.” 

Mr. Lyell makes a remarkable statement respecting Sheringham, on the coast of Nor- 
folk: “I ascertained, in 1829, some facts which throw light upon the rate at which the 
sea gains on the land. It was computed, when the present inn was built, in 1805, that it 
would require seventy years for the sea to reach the spot, the mean loss of land being 
calculated, from previous observations, to be somewhat less than one yard annually. The 
distance between the house and the sea was fifty yards ; but no allowance was made for 
the slope of the ground being from the sea, in consequence of which the waste was 
naturally accelerated every year, as the cliff grew lower, there being at every succeeding 
period less matter to remove when portions of equal area fell down. Between the years 
1824 and 1829, no less than seventeen yards were swept away, and only a small garden 
was then left between the building and the sea. There is now a depth of twenty feet — 
sufficient to float a frigate — at one point, in the harbour of that port, where, only forty- 
eight years ago, there stood a cliff fifty feet high, with houses upon it. If once in half a 
century an equal amount of change were produced at once by the momentary shock of an 
earthquake, history would be filled with records of such wonderful revolutions of the 
earth^s surface; but, if the conversion of high land into deep sea be gradual, it excites 
only local attention. The flag-staff of the Preventive Service station, on the south side 
of this harbour, has, within the lust fifteen years, been thrice removed inland, in conse- 
quence of the advance of the sea.” 

Dunwich, on the coast of Suffolk, a small village containing about twenty houses and 
a hundred inhabitants, was once one of the most important places upon our eastern shores, 
and has been reduced to its present insignificance by tlie aggressions of the sea. While 
East Anglia subsisted as a separate kingdom, it was the seat of the first East Anglican 
bishopric, which may be considered as the predecessor of that now fixed at Norwich. 
Two tracts of land which were taxed in the time of Edward the Confessor, had been 
devoured by the ocean when the Doomsday survey was made. Ray states, that anciemt 
writings make mention of a wood a mile and a half to the cast of the place, the site of 
which must at present be so far within the sea, as it subsequently invaded the town. At 
different periods a monastery has perished, seven churches, the old port, four hundred 
houses at once, the town hall and gaol ; and coffins and skeletons have been exf) 0 scd to 
view in its cliffs, as the waves have reached its churchyards. A scene depicted in one of 
Bewick’s cuts, described in the following terms by Mr. Lyell, might have been suggested 
by the fate of Dunwich ‘‘ On the verge of a cliff, which the sea has undermined, are 
represented the unshaken tower and western end of an abbey. Tlic eastern aisle is gone, 
and the pillars of the cloister are soon to follow. The waves have almost isolated the 
promontory, and invaded the cemetery, where they have made sport with the mortal 
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relics, and thrown up a skull upon the beach. In the foreground is seen a broken tomb- 
stone, erected, as its legend tells, to ‘perpetuate the memory’ of one whose name is 
obliterated, as is that of the county for which he was i Gustos Rotulorum.’ A cormorant 
is perched on the monument, defiling it, as if to remind some moraliser like Hamlet of the 
‘ base uses ’ to which things sacred may be turned. Had this excellent artist desired to 
satirise certain popular theories of geology, he might have inscribed the stone to the 
memory of some philosopher who taught ‘ the permanency of existing continents’ — ‘ the 
era of repose ’ — ‘ the impotence of modern causes.’ ” The most eastern point of Essex — 
the Naze — was formerly extended much further to the east, as the ruins of buildings 
have been found at considerable distances from land. The cliffs, composed of London 
clay capped with crag yielding fossils, have been gradually worn away, probably from a 
shoal called West Rock, which is now five miles from the shore. Upon the coast-line of 
Kent large inroads have been made, and are proceeding with undiminished rapidity. 
About the North Foreland — the promontory Acantium, *hKavTLov aicpoy of Ptolemy — the 
chalk wastes, upon an average, at the rate of two feet per annum ; and at Reculver, to 
the west of the Isle of Thanet, the sea has made extensive depredations. The ancient 
church here, now dismantled — a well-known sea-mark in the centre of a Roman station 
— is on the verge of the cliff ; but in the middle of the last century there was some con- 
siderable space intervening between the northern boundary of the churchyard and the 
shore. In the time of Henry VIII. the church was nearly a mile inland ; and the Roman 
town of Regulbium is supposed to have occupied a site to the north of the station now 
undermined and washed away. Another century can scarcely elapse without witnessing 
the entire demolition of the place. 

These instances are sufficiently illustrative of the fact that the physical outline of our 
coast has suffered largely by depredation from the sea, as the effect both of its occasional 
violent action in storms, and the milder but incessant play of its waters ; and if we pass 
to other coasts exposed to the influence of high tides and strong currents, precisely 
similar devastations occur. It has been found, by observations made between 1804 and 
1820, that, in the intervening sixteen years, the average advance of the ocean on the 
north side of Delaware Bay, in the United States, amounted to above nine feet 
per annum, while in three years, towards the close of the last century, no less than 
a quarter of a mile of land was carried away from Sullivan’s Island, near the entrance 
of the harbour of Charlestown. But if at various points the influence of the sea 
diminishes the mass of land by encroachment upon its coast, there are other points 
where compensation is made by the growth of the land, through the silting up of the 
sand of the ocean, or the deposition of the sediment of rivers ; and the case is common for 
the coast line to be changing by aggression and addition in the same neighbourhood. 
Within the times of history new land has been formed in the estuary of the Humber, 
along the Lincolnshire shore, that of Norfolk, Kent, and Sussex, where, in the latter 
county, the rich level of Romney Marsh has been largely augmented. Dover is situated 
at the opening of a deep valley, formed by a depression in the chalk, which runs into 
the interior for several miles, and is the basin of a small stream. It would appear from 
the account of Caesar’s first advance to the coast, that the sea then occupied the present 
site of the town, and advanced to some distance up the valley, from which it has 
subsequently been expelled by the gradual accumulation of sand and shingle washed up 
by the tide. In digging for the foundation of houses corroborative evidence of this 
fact appears in the character of the soil, while at the present, the sea threatens to 
block np the existing harbour by the amount of debris it heaps together at its mouth. 
A similar but more extensive change has taken place at Norwich, which, in the time 
of the Saxons, was situated on the banks of an arm of the sea, an estuary which has 
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since become a region of cultivated Helds. In the Gulf of Bothnia several maritime sites 
have become inland, islands have been joined to the continent, and sunk ships have been 
found below the soil of Pomerania.^ 

The chief examj)le8 of the advance of coasts are found where the sea throws up sand, 
and large rivers bring down alluvial matter, thus, in the language of Cuvier, creating 
provinces, and even entire kingdoms, which usually become the richest and most fertile 
regions if their rulers permit human industry to exert itself in peace. These two causes 
have been in operation at the mouth of the Nile, and there accessions have been made 
to the coast of Lower Egypt, though not, perhaps, to such an extent as has been frequently 
stated, at least within the historical period. “Egypt,” says Herodotus, “like the Red 
Sea, was once a long narrow bay, and both gulfs were separated by a small neck of land. 
If the Nile,” he adds, “ should by any means have an issue into the Arabian Gulf, it 
might choke it up with earth in twenty thousand, or even, perhaps, in ten thousand 
years ; and why may not the Nile have filled with mud a still greater gulf in the space 
of time which has passed before our age?” This observation proves that it was a well- 
ascertained fact in the time of the historian that the habitable surface of the country 
was receiving additions from the alluvium of the river; but the period when its delta 
may be supposed to have been a gulf of the sea is of a date long anterior to tliat of the 
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earliest Pharaohs of whom any record remains, in whose time tlic whole of Lower Egypt 
seems to have been densely inhabited. Still there is evidence of great changes having 
occurred in the form of the delta, and of its protrusion to some extent, within tlic age 
of history. The modern Alexandria is built near the site of the ancient city, upon a 
narrow tongue of land, which lias been formed by tlie sand thrown up by the sea, and 
the continual deposition of alluvial matter. Mureotis, a lake of six leagues in length, 
in the time of Strabo, about the commencement of the Cliristian era, has been reduced 
to notliing by the accumulation of debris. Tliamiates, the old Uamietta, was on the sea, 
and possessed a good harbour under the Byzantine emperors, but its scanty remains are 
now about two miles from the shore. Pharos, an island in the time of Homer, has long 
been a part of the continent. It is certain, therefore, that within the last two thousan 
years the coast of Lower Egypt has been advanced as well as considerably “°d‘ficd, but at 
present it seems ascertained that no extension of the shore is going on, for having re^hed 
the general coast-line of the Mediterranean, the current which sweeps along the nOTtii 
of Africa receives the alluvium of the Nile, and bears it away to a forei^gn region, the 
direction of this current is from the straits of Gibraltar to the shores of Syria and Asia 
iinor, where large tracts of new land have been formed to which the matmal br^gM 
down by the Nile from the highlands of Ethiopia, and dnfted eastward th« <:„rren , 
may now be contributing. Since the first Greek colonists occupied the warts Asm 
Minor, important additions have been made to them, the combined f 
deposition and of the sediment conveyed from the interior country y n . , * 

StLbo remarks upon the gain of land on the southern shore, and Captain Beaufort h 
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pointed out great changes by the accession of soil since the era of that geographer, by 
which havens have been hlled up, islands joined to the continent, and the coast line 
advanced ieveral miles into the ancient territory of the sea. 



^ same manner extension has taken place on the 
western coast, though there is no foundation for the 


speculation of Dr. Chandler, that Samos will join the mainland, unless some great con- 
vulsion should elevate the bed of the sea, and check the force of the current. The 
Meander was anciently noted for the production of new land, so that the sophist affirmed, 
though with characteristic exaggeration, that the river had taken the sea from the na- 
vigator, and given it to the husbandman to be divided into Helds ; that furrows were 
seen in the place of waves, and kids sporting in the room of dolphins ; and that, in- 
stead of hearing the hoarse mariner, you were delighted with the sweet echo of the 
pastoral pipe. The river was indictable for • removing the soil when its margin fell 
in, and the person who recovered damages was paid from the income of the ferries. At 
the site of Ephesus a similar alteration has transpired. The branch of the sea which 
formed the port is now a vast morass, overgrown with trees and brushwood. The mud 
of the Cayster has propagated new tracts of soil, and the ocean has been driven back 
by the augmented plain two or three miles from its former boundary, so that a visitor 
to ‘ the ruins of the city now, destitute of previous information, would never suppose it 
to have had at any time a free communication with the sea. 

The detritus, transported by the affluents of the Rhone from the Alps of Dauphiny and 
the mountains of Central France, has contributed to an augmentation of the land at the 
mouth of the river, so that its arms have become longer by three leagues since Gaul was 
a Roman province, and many places once situated by the sea are now removed several 
miles from it. Mr. Lyell cites from M. Hoff some striking proofs of the accession made 
to the delta of the Rhone during the period embraced by the annals of history. Mese, 
described under the appellation of Mesua Collis by Pomponius Mela, and stated by him 
to be nearly an island, is now far inland. Notre Dame des Ports, also, was an harbour 
in 898, but is now a league from the shore. Psalmodi was an island in 815, and is now 
two leagues from the sea. Several old lines of towers and sea marks occur at different 
distances from the present coast, all indicating the successive retreat of the sea, for each 
line has in its turn become useless to mariners, the tower of Plgnaux, erected on the 
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shore no farther back than the year 1737, being already a French mile from it. At the 
mouth of the Tiber an increasing delta has, since the classical times, forced the waters 
three miles back from Ostia ; and the watch-tower of San Michele, built on the sea-side 
in the middle of the sixteenth century, is already nearly a mile inland. The water which 
the Tiber receives from the volcanic district around Rome, particularly from the lake of 
the Solfatara, holds an abundance of carbonate of lime in solution, and ^precipitates immense 
quantities of travertin, a circumstance which may contribute to the rapid formation of 
new land at its mouth. Sir Humphrey Davy placed a stick in this lake, and after an 
immersion of nearly a year he had some difficulty in breaking with a hammer the mass of 
travertin which adhered to it, and which was several inches in thickness. Referring to 
the high temperature of the Solfatara, and to the quantity of carbonic acid it contains, 

favouring vegeta- 
tion, as well as to 
its rapid deposition 
of calcareous mat- 
ter, he states : — 
“ There is, I be- 
lieve, no place in 
the world where 
there is a more 
striking example of 
the opposition or 
contrast of the laws 
of animate and in- 
animate nature, of 
the forces of inor- 
ganic chemical affinity, and those of the 
powers of life.” 

Along the banks of the Adriatic, for 
more than a hundred miles, from the 
“ south of Ravenna to the head of the 
gulph of Trieste, the land, receiving 
during the last two thousand years con- 
stant accessions from the matter carried down by tlie rivers, as well ns from that thrown 
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up by the ocean, has encroached on the sea to a breadth nowhere less than two miles, 
and in some places amounting to twenty. The Isonzo, Tagliamento, Piave, Brenta, 
Adige, and Po, drain one side of the Alps and of the Apennines, and carry away a vast 
quantity of their material, tlie deposition of which has wrought surprising changes in 
the outline of the coast. Ravenna, once a sea-port, is now five miles from the water 
side. In the intervening space, traversed by vessels in ancient times, is the Pineta, or 
forest of pines, in which Dante, Boccaccio, Dryden, and Byron have wandered, and ren- 
dered famous. 


“ Sweet hour of twilight ! — in the solitude 
Of the pine forest, and tlie silent shore, 

Which bounds Ravenna’s immemorial wood, 
Rooted where once the Adrian wave flow'd o'er. 
To where the last Caesarian fortress stood. 
Evergreen forest 1 which Boccaccio’s lore 
And Dry den’s lay made haunted ground to me, 
How have I lov’d the twilight hour and thee 1 
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The shrill cicalas, people of the pine, 

Making their summer lives one ceaseless song, 

Were the sole cchcxfs, save my steed’s and mine. 

And vesper bells that rose the boughs along.” 

Cuvier has given an extract from the researches of M. de Pronj on the hydraulic 
aystem of Italy, who was employed to remedy the disastrous inundations of the Po, which 
Oontains an account of the enlargement of that part of the coast occupied by its mouth. 
Recording to the statement, ho exact detail can be given of the successive progress of the 
dhanges, and more especially of their precise measures, during idie ages which preceded 
the twelfth century of our era. One fact however is certain, that Adria, which gives its 
name to the Adriatic, a confederate city of the Romans, and a municipium, was a sea^port 
town, between the mouths of the Po and the Adige, and a station for the Roman fleet 
under the emperors. This city has a modem representative upon the old site, and by 
this we not only attain a known fixed point upon the primitive shore, but the means of 
measuring the extent of alteration that has occurred. The following results have been 
clearly established : that in the twelfth century the shore had been already removed to 
the distance of 9000 French metres, or between five and six miles, from Adria ; that by 
the sixteenth century, or in four hundred years, it had been extended farther to the 
medium distance of 18,500 metres, or nearly eleven miles and a half, giving from the 
year 1200 an average yearly increase of the alluvial land of 25 metres, or rather more 
than 27 yards ; that by the present century it had advanced to near 33,000 metres, or 
about twenty miles, whence the average annual progress is about 70 metres, or 76^ yards, 
during the last two hundred years, being greatly more rapid in proportion than in former 
times. The precise date cannot now be ascertained when the waves of the Adriatic 
washed the walls of Adria, but they certainly did in the time of Augustus, and the nearest 
part of the present coast, at the mouth of the Adige, is at the distance of fifteen miles and 
a half, while the extreme point of the alluvial promontory formed by the Po is upwards 
of twenty miles. In consequence of the melting of the snows in the Alps, the Po is 
periodically flooded in the summer months, and its inundations, now guarded against by 
immense embankments, have in past ages raised the level of the country subject to them, 
by the deposition of alluvium, especially towards the sea-coast. The level of its own 
bottom has, at the same time, been so much raised, that the surface of its waters is now 
higher than the roofs of the liouses in Ferrara, and both the Adige and the Po are higher 
than the whole tract of country between them, which would be invaded by their waters 
but for the artificial bulwarks constructed along their course. In the same manner the 
delta of the Nile has been altered by elevation as well as extension, the cultivated soil 
having increased vertically seven or eight feet since the time of the Ptolemies, at the 
rate of about four inches in a century, the bed of the river rising in proportion. 

Where the sea acts alone upon a low coast, without the aid of rivers, considerable 
alterations are effected in its line and aspect, but of a far less beneficial nature than those 
just noticed. If the bottom is sandy, the waves then drive the sand towards the shore, 
which becoming partially dry at every reflux of the tide, a certain quantity is heaped up 
on the beach by the action of the wind. Around stones, bushes, and tufts of grass, the 
sand accumulates, and becomes a continuous ridge where these arresting obstacles are 
contiguous, or where they are thinly scattered, a number of small hillocks are produced, 
which increase into mounds of considerable height. These formations are called downsy 
or dunes^ which occupy an immense extent of coast, and frequently penetrate to a con- 
siderable distance inland. In situations where the habitual direction of the wind is from 
the sea, the particles at the surface of the sand hills or ridges are carried forward by it, 
giving a gradually increased breadth to the downs ; but where the wind blows generally 
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alonj; the shore, the downs make no progress towards tlie interior, but are ext<mded 
coastwise. From Calais to Dunkirk the coast trends in the direction of the wind, and 
therti the sand cast up by the ocean is formed into chains or hills parallel to the shore ; 
but in various parts of the globe, where the conditions are different, it is perpetually 
drifting inwards, and by this means the cultivable soil has been largely invaded, fertile 
plains have been covered with sterile particles, and rendered unfit for the habitation of 
mankind, and whole villages have been swallowed up by the sand floods. Indurated or 
hardened downs, which occur extensively upon the coast of New Holland, are formed of 
sand mixed with various marine substances, by which it becomes consolidated. Several 
points of the Lancashire coast exhibit these formations from the ocean, particularly tlie 
neighbourhood of Southport, a town which lies between parallel ranges of sand-hills. 
The loose particles subject to the action of a gale of wind are shifted, and sometimes in 
enormous quantities, so as to produce serious effects, covering the gardens to a consider- 
able depth, and overtopping the lower apartments of the houses. After a heavy shower 
of rain, the sand-hills, which are almost impassable in a dry state, bind instantaneously, 
conceding free leave and licence to the fiedestrian to range over these mimic mountains, 
and affording ready means of visiting spots, which just before were all but inaccessible. 
The intervals between the hills present recesses where nothing but the sky is seen, and 
which seem as wild and solitary as the heart of an eastern dissert. Some progress lias here 
been made by the industry of man to convert into cultivable tracts these waste i>!aces, by 
the application of “sea-sluch” to the pure sand of tlie ocean, a kind of marl dug below 
high water-mark, which has the double advantage of preventing drift, and conquering 
sterility. To accomplish the former object, small parcels of Arundo arenaria^ sand-reed, 
have been planted with success along several parts of the Scottish coast ; by which 
means, also, the inhabitants of the Bouillonnais have almost wholly arrested the advance 
of their downs. 

If Holland is subject to the encroachment of the ocean, the latter supplies its coast at 
other points with huge masses of sandy downs, which effectually defend it from inva- 
sion there. These formations, the result of the natural jiroceas which is still going on, 
are in some places so high as to shut out the view of the sea even from the tops of tlu» 
spires ; but during the iirevalence of sea-winds, clouds of sand are raised from the beach 
into the air, and showered down upon the inland country, giving it an air (d* painful 
desolation. The materials of the following statement occur in Professor Jameson’s edition 
of Cuvier’s Theory, and give a striking example of tin* sand-flood on the e-oast of Elgin, 
or Morayshire, in Scotland, as well as of the folly of the inhabitants of the district. 
West of the mouth of the Findhorn, a district of more than ten square miles in area, 
chiefly included in the barony of Coubine, was once Uu’ined the granary of Moray, on 
account of its extreme fertility. This has been render<*d unproductive and depo[)uhiU*d 
by the shifting of the sand-hills. The first irruption comnnjnced about the year 1077, 
and twenty years afterwards, in 1697, not a vestige remained of the* manor-place, 
orchards, and offices of Coubine, and two-thirds of the barony were r<*du<‘(*d to ruin. 
The irruption came from the shore at Mavieston, about seven miles w(;st from the mouth 
of the Findhorn, where, from time immemorial, large hcai»s of sand had b(*rm accaimu- 
lated. The sand-hills there had been till then fixed, by being covered with veg(*tation, 
but were set at liberty, by the inhabitants inconsiderately pulling up the bent and juniper 
for various uses, when a drifting immediately commenced to the north-cast. A high 
wind has been known to carry the finer particles of the sand across the whole bay of the 
Findhorn. In the winter of 1816, a large portion of the only r(;maining farm, on the 
west side of the river, situated in the line of the progress of the sand, was overw’helmed, 

and a marked change has been produced upon the river itsedf. Many years ago, its 
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moath having become blocked up, the water cut out the present more direct channel* 
Bj this change the old town of Findhorn, which originally stood on the east side of the 
river, was left upon its western bank ; and the inhabitants, in consequence, removed the 
materials of their houses across the new channel, and erected the present village on the 
eastern side. The site of the old town is now covered by the sea. When the tide 
retires, the river almost entirely disappears, being absorbed by the sand ; and, owing to 
the bar formed across its entrance, it is unable at spring tides to force its way into the 
sea, BO that it flows back and inundates a considerable extent of land at the head of the 
bay. Of late, however, the great accumulations of sand have disappeared from Coubine, 
and the ancient rich soil has in some places been left bare, so that it is not unlikely that 
the barony will resume its former fertility. Such a result would be rendered much more 
certain, if, by putting in proper kinds of plants, an attempt were made to fix the 
Mavieston hills, and thus prevent fresh inroads from that quarter ; but, notwithstanding 
the destruction which has happened, the lessons of experience have been lost upon the 
inhabitants, who persist in gathering what little vegetation spontaneously appears. 

The coast of France presents the most remarkable examples of these formations of 
sandy downs, and of the mischiefs arising from their drifting inland, which are chiefly 
found along the shore from Britanny to the Pyrenees. In the former province, a village 
near St. Pol de Leon has been entirely covered, so as to leave no part visible but the spire 
of the church. Southward from the Gironde, the coast forms almost a straight line, broken 
by only one small inlet, and is bordered by the Landes^ which are vast undulating tracts 
of sand accumulations from the Atlantic. These have advanced easterly into the interior 
of the country, within the period embraced by historic notices, under the influence of the 
westerly gales. A great number of villages mentioned in the records of the middle age 
have been overwhelmed, and the town of Mimazan, which has long been struggling with 
the sands, is apparently destined to be engulfed by tlicm. Intercepting the flow of the 
inland waters into the sea, the sand-hills give rise to large stagnant pools, which, in 1802, 
covered five farming establishments at the village of St. Julien. 'J*he old Roman road 
leading from Bayonne to Bourdeaux has, in many parts, long been immersed, which, 
half a century back, might be seen when the waters were low. In former times, the 
growth of the sands blocked up the mouth of the Adour at Bayonne, when the river 
forsook its chauntd, flowed nortliw'ard on tlie inner side of tlie downs upon the coast, and 
found an outlet into the sea at Vieux Boucan, forming a liaven which gave considerable 
im|>ortance to the place, Bayonne losing the reputation wliich caused the formation of its 
name from the Bas<]ue words hnia, ona, a good bay or port. For nearly two centuries the 
Adour pursued its new course, until, in the year 1579, the old mouth was cleared of its 
sand by the citizens of Bayonne, and re-opened, occasioning the downfall of Vieux Boucan, 
which has now scarcely thirty inhabited houses. At various parts of this coast, the land 
is now in process of invasion from the material constantly brought by the sea, which 
advances betwe(*n the mouths of the Adour and the Gironde at the alarming rate of 
about sixty feet yearly, and even seventy-two feet in some places. The Gascon peasants 
endeavour to preserve their cabins from the enemy, when the wind blows towards the sea, 
by tossing the sand high into the air with shovels, by which the retreat of a small 
portion is secured ; but obviously these feeble efforts offer no effectual resistance to its 
progress. It has been calculated, that at the present rate of advance, it will require two 
thousand years for the downs to reach Bourdeaux. 

In addition to the statements made at the commencement of this chapter respecting 
alterations of coast-line by depression effected by extraordinary natund convulsions, 
examples of elevation meet us from the same cause on the south-west shores of Italy and 
America, which are too important to be overlooked. We shall first go to the western 
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side of the Bay of Naples, to the shore of the small Bay of Baia, a district which has 
received the poetical name of the Phlegrasan Fields, and which Italian partiality has 
called a piece of heaven fallen down upon earth. It was the favourite resort of the 
Romans under the republic and the empire. Its abundant hot springs, its genial winterless 
climate, its seclusion from the northern blasts, the eastern breeze blowing across the b^y, 
together with the delightful view — these attractions drew the opulent Romans to Bain, 
weary of the noise and bustle of the capital, for tranquillity and health. Silius, Martial, 
and Statius have celebrated its beauties ; Cicero, Hortensius, Lucullus, Julius Cajsar, 
Augustus, and many of the succeeding emperors had villas on its shores ; the youthful 
invalid Marcellus was removed hither to find a grave ; and here the men of letters 
delighted in fixing the most famous scenes of Homeric fable — identifying the Lucrine 
lake with one or other of the lakes or rivers of Hades, and recognizing in the Avernus, 
which formerly emitted exhalations, the theatre of the nekuia, tliat awf ul vision of the 
dead wliich passed before Ulysses at the barriers of the earth. 



The whole coast of Baia is now comparatively a desert, with a few masserie or farms and 
vineyards scattered on its hills, — a consummation in which natural convulsions liave co- 
operated largely with political reverses and social degeneracy. The most recent disturbance 
of the Phlegraean Fields occurred in a night of September 153H, after twenty shocks of 
earthquakes had been experienced in the neighbourhood of Pozzuoli within twenty-four 
hours. That night, the inhabitants of Tripergoli, a small watering-place on the bank of 
the Lucrine lake, witnessed the opening of an abyss between the town and its suburbs, 
which speedily dislodged them from their houses, and destroyed their habitations by its 
discharges of fiery stones. Dark smoke covered the spot four days, which unveiled a most 
extraordinary scene of change when it cleared off. There is an eminence marked on the 
map near the lake Avernus, the Monte Nuovo, which was then formed and still remains, 
upwards of four hundred feet high and a mile and a half round. The town of Tripergoli 
was demolished; its suburbs had been engulfed in the earth; the Lucrine lake was 
crippled in its dimensions by the new mountain, and reduced to a shallow pool ; while the 
lake Avernus ceased to throw out those exhalations which had led to its identification with 
the Homeric nekuia. But by far the most extraordinary fact disclosed was the elevation 
of the coast manifest by the retirement of the sea more than twenty feet from its former 
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boundary. Sir William Hamilton, in Ins work Canipi Phlef^raKi, gives extracts from two 
letters written at the time testifying to this occurrence. Tlie first is from Falconi, who 
states : — “ It is now two years since there have been frequent earthquakes at Pozzuoli, 
Naples, and the neighbouring parts. On the day and in the night before the eruption 
(of Monte Nuovo) above twenty shocks great and small were felt. The next morning the 
poor inhabitants of Pozzuoli quitted their habitations, some with their children in their 
arras, some with sacks full of goods, others carrying quantities of birds of various sorts 
that had fallen dead at tlie beginning of the eruption, others again with fish that they 
had found, the sea having left them dry for a considerable time. I accompanied Signor 
Moramaldo to behold the wonderful effects of the eruption. The sea had retired on tlie 
side of Baiae, abandoning a considerable tract, and the shore appeared almost entirely dry 
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from the quantity of ashes and broken jnimice -stones thrown up by the eruption.” The 
other extract is from Pietro Giacomo di Toledo: — “It is now two years since this 
province of (yampagna has been afflicted with earthquakes, the country about Pozzuoli 
much more so than any other jiarts ; but the 27tii and 28th of the month of September 
last, the earthquakes did not cease day or night in the town of Pozzuoli. That plain 
which lies between lak<*- Avernns, the Monte Barbaro, and the sea, was raised a little, and 
many crat^ks were made in it, from some of which issued water; at the same time the sea 
immediately adjoining the plain dried iqi about two hundred paces, so that the fish were 
left on the sand a jirey to the inhabitants of Pozzuoli.” 

Distinct testimony is here borne to the recession of the sea from the coast-line which 
appears to have been caused by an elevation of tlie shore. The testimony is confirmed 
by an examination of the district between Naples and Pozzuoli, and around the Bay of 
Baia. Stretching along the present sea-beach, there is a low strip of land bordered with 
cliffs, the level consisting of sedimentary matter, shells, and marine remains, over which 
the waters have evidently once lain, the cliffs constituting their former boundary. The 
retirement of the sea cannot be referred to any ordinary gradual recession, as its tendency 
here is to encroach upon the land ; and as there are no tides of any consequence in the 
Mediterranean, no depression of the level of high water can be supposed, in consequence 
of some change in the direction of the currents. There is every reason to suppose that 
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the coast rose upwards of twenty feet during the terrible disturbance of 1538, reducing 
the Lucrine lake to its present shallowness, and causing the sea to retreat from its former 
limit But evidence exists of repeated changes of level along this coast, which has ren- 
dered it one of the most interesting and valuable regions to the geologist. Upon the 
shore near Pozzuoli, there are three remaining pillars of an ancient building, commonly 
called the Temple of Serapis, though antiquaries differ considerably respecting its cha- 
racter. The pillars exhibit unequivocal signs of having once, and for a long period, b<H‘n 
immersed in the waves, exhibiting marks of the dactylides, a species of shell-fish which 
burrows in the stone. The lower and upper parts of the columns arc uninjured, the former 
having been protected by accumulations of rubbish, and the latter having been above the 
level of the water ; but a zone in the middle, twelve feet in height, is every where pierced 
by marine perforating bivalves. “ The holes of -these animals are pear-shaped, the 
external opening being minute, and gradually increasing downwards. At the bottom of 
the cavities, many shells are still found, notwithstanding the great numbers that have 
been taken out by visitors. The perforations are so considerable in depth and size, that 
they manifest a long-continued abode of the lithodorni in the columns ; for as the inhabit- 
ant grows older, and increases in size, it bores a larger cavity, to correspond with the 
increasing magnitude of its shell. We must consecjucntly infer a long-continued immer- 
sion of the pillars in sea-water, at a time when the lower i)art was covered up and pro- 
tected by strata of tuff and the rubbish of buildings, the highest part at the same time 
projecting above the waters, and being consequently weathered, but not materially 
injured.” It thus seems to be settled, almost to demonstration, that the floor of this 
temple or building, of course originally placed upon a site above the reach of the sea, has 
subsided so as to have sunk below the level of its waters, and afterwards been elevated 
again — an oscillation shared by the adjacent district. Captain Hall was shown, near the 
remains of an amphitheatre, what are called the ruins of Cicero's Villa — a mass of 
rubbish upon the dry land at the foot of‘ the cliff, considerably above the present level of 
the sea, the guide describing the orator as having fished out of his parlour window. 
However doubtful the identity of the spot, it is perfectly possible for such a fact to have 
transpired ; and, as the narrator observes, the gossip of the guide shows the established 
belief, and carries with it great interest, as corroborating the supposition that .the grouud 
has been raised by the volcanic forces which we know to be in aetion in that quarter, 
lioffredo, writing in 1 580, is quoted by Mr. Lyell as affirming that, fifty years previously, 
the sea washed the base of the hills which rise from the level strip of land before alluded 
to, and expressly stating that a person “ might have fished ” then from the site of the 
ruins of the amphitheatre. 

An elevation of the coast transpired upon a grand scale during the great Chilian earth- 
quake in 1822, so well described by Mrs, Graham, who was then a resident in that 
country. Upon the night of its occurrence, attracted by the fineness of the evening, she 
had been sitting in her verandah, watching the lightning which played uninterruptedly 
over the Andes till after dark, when a delightful calm moonlight night followed a quiet 
and moderately warm day. It was so pleasant, that she quitted the verandah with regret, 
and returned into the house, where she sat quietly conversing with her friends till about 
a quarter past ten, when they were all sensible of a violent shock, and heard a noise like 
the explosion of a mine. One of the party started up, exclaiming, “ An earthquake ! an 
earthquake!” and ran out of the house; but another — a connexion of .the relator — was 
in delicate health, and unfit to be exposed to the night air, and she, unwilling to leave 
him, remained. In a little time the motion of the earth, increasing, threw down the 
chimneys, and the walls of the house opened. The urgency of the danger now overcame 
lesser fears, and every body fled for refuge to the lawn. In a few minutes, the quick 
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vibration of the earth was changed to a rolling motion, like that of a ship at sea. Though 
there was not a breath of air, yet the trees were so agitated, that their topmost branches 
seemed on the point of touching the ground. The lowing of the frighted cattle, and the 
screaming of the sea-fowl, never ceased till the morning ; while the rational witnesses of 
this awful convulsion of nature experienced, in its full extent, a sensation which only 
those who have felt it can entirely conceive — the certainty of great and sudden danger, 
which no exertion can avert or mitigate. Though they fled from the falling house, who 
could assure them that the next moment the ground would not open beneath their feet ? 

Tlie shock of this earthquake was felt throughout a tract of country extending 1200 
miles from north to south. St. Jago, Valparaiso, and some other towns were much 
injured; but the chief peculiarity of the event was, that at Valparaiso the shore was 
found to have been lifted up three feet above its former level ; and, on further examination, 
it appeared that the whole coast, for above one hundred miles, had been elevated in the 
same manner. Part of the bed of the sea was also raised, and remained bare and dry at 
high water, with beds of oysters, muscles, and other shell-fish adhering to the rocks on 
which they grew. The fish were all dead, and exhaled an offensive smell. Conical 
mounds of earth, about four feet high, were thrown up in several districts, by the forcing 
up of water mixed with sand, through funnel-shaped hollows. The whole extent of 
country lifted up above its former level was estimated at 100,000 square miles. The 
whole surface, from the foot of the Andes to a great distance under the sea, is supposed 
to have been raised, so that the soundings in the harbour of Valparaiso were in conse- 
quence materially altered, the depth of water being much less than before. In the course 
of a few liours the change of level was effected ; but the shocks continued from November 
1822 to September 1823, and even then two days seldom passed without one being expe- 
rienced, and sometimes two or three were felt during twenty-four hours. After this 
earthquake, Mrs. Graham observed, that besides the beach newly raised above high-water 
mark, there were several more ancient lines of beach, one above another, consisting of 
I sfdngle mixed with shells, and extending along the shore in parallel lines, the uppermost 
' being fifty feet above the sea. Perhaps these may be indications of the coast having been 
repeatedly elevated by the same means. Mr. Lyell has introduced other particulars 
respecting this great disturbance, gathered from the Transactions of the Geological 
Society, confirmative of the leading phenomenon — the elevation of the coast. The wreck 
of a ship which could not be approached previously, became accessible from the land, 
although its distance from the original shore had not altered. The water-course of a mill, 
a mile from the sea, gained a fall of fully a foot in a hundred yards. The rise upon the 
coast was from two to four feet, but in some inland situations it amounted to as much as 
seven feet. 
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CHAPTER XII. 

INTEUIOll LAND CHANGES. 


surely the mountain falling cometh to nought, 
and the rock is removed out of its place.” “ The 
everlasting mountains were scattered; the per- 
petual hills did how. I saw the tents of Cushan 
in affliction, and the curtains of the land of Midian 
did tremble.” “ The sea saw it, and fled ; Jordan 
was driven back. The mountains skipped like rams, 
and the little hills like lambs. What ailed, O thou 
sea, that thou fleddest ? thou Jordan, that thou wast 
driven back? Ye mountains, that ye skipped like 
rams ; and ye little hills like lambs ? ” This lan- 
guage of the more ancient scriptures is not that of 
poetical exaggeration, but derived from an acquaint- 
ance with the physical history of the earth, obtained 
by testimony or observation. The trembling of the 
most solid masses — the tottering of rocks, hills, 
and mountains, are not imaginative pictures, but 
representations founded upon the realities of nature ; 
and when the earth is described as reeling to and 
fro like a drunkard, when the wilderness of Kadesh 
is declared to shake, and Lebanon and Sirion to 
leap like the unicorn, we know the source to which 
the statement is to be referred. The country of the 
writers, in almost every century since the first 
Hebrew patriarch pitched his tent upon its soil, has sufiered from the eruption of violent 
eternal forces, acting with greater energy, perhaps, in ancient than in modern times; 
and from the great physical changes consequent upon these convulsions, they drew those 
lofty and terrible descriptions of terrestrial disturbance with which their songs, odes, 
and elegies abound. Before referring to these subterranean causes of superficial derange- 
ment and their phenomena, some of the more ordinary forms of interior land changes 
may be noticed. 

In mountainous regions, the detachment of fragments of rock and earth from abrupt 
and precipitous elevations is the gradual yet sure effect of the wear and tear of tJie 
atmosphere, accelerated by the occurrence of severe storms, heavy rains, and intense frost. 
Mam Tor, a hill on the Peak of Derbyshire, has become celebrated on account of the waste 
of its mass ; and hence it is popularly called in the neighbourhood, the “ shivering moun- 
tain.” The summit of the hill rises about eight hundred feet above the level of the valley, 
and commands an extensive prospect of the high eminences of the district and its beautiful 
dales, retreats secluded from the bustle of the world, to which the imagination is ready to 
assign the attributes under which the happy valley of Rasselas is described. According to 
vulgar rumour, the shivering of the hill has been going on for ages, without occasioning 
any diminution of its bulk ; but, apart from fable, Mam Tor is a mass consisting of alternate 
layers of shale and gritstone, and the former readily decomposes under the influence of the 
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weather, falling into the valley below, bringing with it detached fragments of the grit. 
In the winter season, after unusual rains, or in severe frost, the decomposition is the most 
rapid, the Tor discharging from its side immense pieces of its material, the noise of which 
in their descent may be heard in the adjacent villages, and is described as singularly 
impressive in the night. In all Alpine regions, subject to great seasonal vicissitudes, frost 
is a powerful agent in the destruction of rocks. When the w^ater that has entered their 
pores and fissures becomes frozen, it acts by its expansion with irresistible force, and 
detaches enormous masses, which fall from their parent bed thundering to a lower level. 
In the upper parts of North America, even in latitude 51° in some places, where the 
winter climate is so severe that brandy congeals and the lakes freeze eight feet thick, the 
rocks split with a noise resembling the explosion of artillery, and the shattered fragments 
fly to a considerable distance. 


The action of water, in another way, operates to dislodge from their situation the 
higher parts of mountains, and sometimes to reduce their whole mass to ruins, producing 
land or mountain slips. This is by a slow process of erosion and undermining, which, 
having proceeded to a sufficient extent, brings on in a moment the catastrophe of a slide 
or fall. The occurrence cannot take place in the case of unstratified rocks, which are only 
subject to the gradual abrading of their entire mass, and the detachment of small frag- 
ments ; but with reference to the stratified mountains, where layers of different kinds of 
rock overlay one another, it is easy to conceive of such slides transpiring. Water percolating 
by rents and fissures through an upper stratum, and reaching another which readily yields 
to its solvent power, the lower stratum may be so far carried away in the course of ages 
as to be unable to support the upper, which, in consequence, falls down. But little harm 
would ensue, if the different strata were of uniform breadth and horizontally disposed, 
like a number of equal volumes piled upon each other, instead of displaying varying 
thickness and all manner of inclination. It is this last condition chiefly— the differently 
inclined plane upon which the upper stratum descends — that causes its precipitation 
upon the country at the base, covering it with its ruins, and occasionally overwhelming 
its inhabitants. Other circumstances concur to the production of land and mountain slips ; 
but the principal agent is water, operating by a process of undermining, which, however 
slow and subtle, is grand and terrible in the crisis that ensues. Such events are by no 
means uncommon ; but they generally occur in secluded and uninhabited sites, so as not to 
attract any wide notice, unless they happen upon a grand scale. On the night of the 29th 
of January 1840, in the district of Jura, a mountain called the Carnans came down in 
mass on the surrounding plain, and a portion of the royal road from Dijon to Portalier 
^ t'"s to a depth of more than fifty metres. That portion known 

ampe e arnam, the ladder or staircaae of Camans, was rendered impassable, 
and all communication between the places on each side was entirely suspended. A fresh 
•luring the following day, was detached, and was distinctly seen 
from a great distance as it slid down. It was supposed that a fountain, which ceased to 
phy upwmxis of a quarter of a century before, had then taken a new subterranean 

1 'vfj”*!’! “ portion of the mountain. Switzerland has repeatedly ex- 

hibited these extensive faUs from her giant mountains, which may form Tsubj^t of 
interesting reference. ^ 

It has sometimes happened that the waters of an elevated lake have insinuated them- 
selves between the strata composing the mass of a mountain, gradually loosening and 
removing a quantity of material, by which the superior body of rock or earth being 
deprived of its support has fallen. In this way, the catastrophe of the Rosenberg, 
rtherwiM called Mont RuflS, is conceived to have been occasioned in the year 1806. 
rtearly in the centre of Switzerland, in the canton of Zug, is the lake of that name, a 
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lovely sheet of water, and a smaller lake, K 

that of Lowerz. Between th(3se lakes, F ^ 

extending from the banks of the one to |)[- // 

the other a distance of about six miles, ffe ' 

is the Vale of Goldau, a scene of in- | - ^ ^ 

viting natural beauty. On one side of 

the valley, Mont Righi rises to the 

height of 4644 feet, and on the other 

side Mont Ruffi reaches 3747 feet above v 

the level of the lake of Zug. These are stratified 

mountains, composed of conglomerate cemented by a ^ 

kind of sandstone, or a fine-grained marl, the strata ^ ^ . 

varying considerably in thickness. In the year men- ^ 

tioned, on the morning of the 2d of September, 

noises were heard proceeding from Mont Ruffi, which ^ 

startled the inhabitants of the valley, who little dreamt of the disaster that was impend- 
ing. In the afternoon of the day the noises were repeated, becoming more frequent, and 
some pieces of rock were observed to fall down the declivities of the mountain. Larger 
masses descended towards five o’clock in the evening, and now the apprehensions of the 
people were thoroughly awakened ; but they had little time either to fear or fly, for a 
few minutes afterwards a large part of the upper mass of the mountain was seen to give 
way, and to be coming down upon the valley. Its motion was at first slow, but in a few 
seconds it acquired a frightful velocity, and with a tremendous crash, the disjoined 
portion with its forests and buildings was precipitated upon the lower levels, darkening 
the air with clouds of dust, so as to obscure for a time all further perception of the 
catastrophe. Some of the spectators of this event were in a house at the base of Mont 
Righi on the opposite side, at an elevation of three hundred feet above the bottom of 
the valley; but such was the tremendous impetus given to the rocks in their descent, 
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that large blocks were forced up the acclivity, and nearly reached their situation. The 
movement was so sudden, that nine out of thirteen travellers who happened to be passing 
were overwhelmed, and the mass that fell was so prodigious, that it formed a ridge in 
the valley one hundred feet in height, and a league and a half in length and breadth. 
In little more than five minutes, the greater part of the whole vale of Goldau was trans- 
formed from a happy and cultivated retreat into a mass of ruins. The villages of 
Goldau, Busingan, I^werz, Ober and Unter Bother, were either entirely or in part 
buried ; four hundred and eighty-four of the inhabitants lost their lives ; a great 
number of cattle and sheep perished ; and property destroyed, according to an estimate 
made by the government of the canton, to the amount of nearly 100,000/. A portion 
of the mountain dashing into the lake of Lowerz raised a succession of vast waves, 
one of which swept over the small island of Schwanan, though sixty feet above the 
oiMlinary level of the water. The cause of this tremendous occurrence was not doubt- 
ful. About half a century before the year 1806, some considerable rents of great depth 
had been formed in Mont Rufii, by which the water of the rains and melted snows, 
as well as some from the adjacent lakes, was freely admitted into the interior of the 
mountain. The marl and clay which united the strata of conglomerate exposed to its 
action was gradually washed away, depriving the upper masses of the foundation on which 
from immemorial time they had securely rested, which were precipitated forwards upon 
being displaced. On the site once occupied by the village of Gk»ldau there is now a 
small chapel, where the pious Switzers pray for preservation from a similar calamity, 
holding a service for the purpose annually on the 2d of September. 

A disruption, equally sudden but far more fatal in its effects, took place in the year 1^18 * 
with reference to Mont Conto, which formerly overlooked a pleasant and well-built town 
and adjacent village in the Val Bregaglia, in the Lombardo- Venetian kingdom. Of the 
particulars we have less information than in the former case, as it happened in the night 
While the air was calm, the sky cloudless, and most of the people of the valley were 
wrapt in sleep, the summit of the mountain came down, completely burying the town 
with its ruins, upon which a forest of chestnuts now flourishes. Only one house escaped 
destruction, and three inhabitants who were absent on business, 2430 persons perishing. 
There had been beforehand intimations of danger suflicient to have induced observant and 
reflecting persons, aware of the dreadful incidents to which such localities are subject, to 
have removed to a safer spot. For ten years previous, large chasms had been formed 
in the mountains, into which the rains descended, and ultimately wrought the mischiefs 
that occurred. On the afternoon before the fatal night some fragments of rock had 
fallen ; but in the spirit of confident and happy security, the inhabitants of the Val 
Bregaglia retired to rest among their native and much-loved mountains, and saw them 
no morel It has been correctly enough observed, that “ until the fatal moment of 
destruction arrives, or, at all events, till the hour of danger approaches, mankind, all the 
world over, are pretty nearly equally indifferent, and go on dancing and singing, marrying 
and giving in marriage, under the very jaws of death, with as much unconcern as if they 
were living in perfect safety. The inhabitants of Portici and Resina, for instance, living 
at the base of Vesuvius ; or those of Catania, at the foot of mount Etna, where torrent 
upon torrent of lava has flowed in endless succession, never dream of an eruption till 
tlie parched volcano drinks up their wells, and, in the language of Scripture, ‘ fire runs 
along the ground ! In like manner the waiter remarks, “ I have observed the gay 
voluptuaries of Lima scarcely disturbed in their reckless enjoyment of life by the shock 
j of an earthquake, which interrupted only for a transient moment of fear and impatient 
prayer their darling ‘ Tertullas,’ while the ceilings and walls of their houses cracked in 
their ears, and church steeples toppled round them.” It is clear that in the two preceding 
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cases of mountain-falls, which involved a large sacrifice of human life, much of it might 
have been avoided by heeding the warnings given. But thus it happens, that men are 
slow to believe themselves endangered, and when the disaster comes, the survivors of 
friends, relatives, and property are apt to dwell only upon the physical evils of their 
condition, forgetful of their own imprudence, and of the millions of terrestrial sites secure 
from the catastrophe. 

An elevated piece of table-land between the cantons of Valais and Berne, wliicb rises 
nearly to the snow line, was the scene of the same phenomenon in the year 1714 and 1749. 
Three sharp peaks ascend from it to the height of 10,620 feet above the level of the sea, 
called Les Diahlerets, or the Devirs-horns. Originally there were four, but one was 
demolished at the two periods named, covering the plain with its fragments. The 
shuttered blocks and heaps of rubbish upon it are indeed so extensive, as to lead to the 
conclusion that the group of the Diablerets has lost other members in bygone ages, but 
of any occurrence of this nature prior to 1714 no account exists. The event of that year 
has been related in the following words : — “ Before the first catastrophe a subterraneous 
noise was heard, and some of the herdsmen, who had brought their herds to the pastures 
in the vicinity, took this hint and returned home ; others, however, were buried under the 
rocks. When the mount precipitated itself down, the whole country in its vicinity 
trembled, and a thick smoke rose to a considerable height in the air. It was only dust, 
which was detached from the rocks when they broke to pieces. The compression of the 
air was so great, that some of the trees which were near the places along which the rocks 
descended were bent to the ground or broken. Many of the summer huts of the Alpine 
herdsmen were destroyed, fourteen persons lost their lives, and a large number of cattle 
and sheep were killed. One of the herdsmen belonging to the village of Aven in Valais 
was among those who had not returned home, and was considered as having lost his life. 
His children were declared orphans by the court. Three months afterwards, on 
Christmas Eve, he suddenly appeared in his village — pale, thin, covered with rags, 
resembling a spectre. All the inhabitants of the village were frightened. The doors of 
his own house were shut to him. Some people ran to the priest, requesting him to 
exorcise the supposed spectre. After some delay, the man succeeded in convincing the 
people that he was alive, and then he told them, that the moment on which the 
mountain-slip took place, he had been on his knees praying to the Preserver of life, when 
an enormous fragment of rock in descending struck the ground before his hut, and 
resting leant over against the rocky wall at the base of which his hut was^uilt. It was 
immediately followed by a terrible crash, and by an immense quantitjPof stones and 
rubbish, entirely covering the piece of rock which protected his hut. When all became 
quiet, he continued, ‘ I was no longer in fear ; I did not lose my courage ; and directly I 
set myself to work to open an issue. A few pieces of cheese which I had made were my 
food, and a rill of water, which descended among the ruins, quenched my thirst. After 
many days, which I was unable to count in the long darkness of my subterraneous prison, 

I discovered, by creeping about among the rocks, an opening. I saw .again the sun’s 
light, but my eyes were for some time unable to bear it. The Almighty, in whom I 
always confide^ and who always kept alive my hope of preserving life, has sent me 
back to my family, to be a witness and a proof of his power and bounty.’” The second 
slip of the Diablerets in 1749 took place without injury to the peasantry, who obeyed a 
warning given by the mountain to escape in time ; but five Bernese citizens, travelling 
in the neighbourhood, refused to fly, believing the fears of the people to be unfounded, and 
the house in which they remained is thought to be five hundred feet below the present 
surface. 

A part of Mont Grenier, about five miles south of Chamberry in Savoy, gave way in 
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the year 1248, and exhibits marks of the disruption in its present appearance, which has 
been sketched by Mr. Bakewell, to wliose Travels in the Tarentaise we are indebted for 
most of the particulars concerning the event. The ruins of the mountain entirely buried 
five parishes, with the town and church of St. Andre, spreading over an extent of about 
nine square miles.* These ruins are now called les Abymes de Myans; and, notwithstanding 
the lapse of many centuries, and the presence of numerous vineyards which have since 
been planted, they present in many places a singular and impressive scene of desolation. 
A favourable view of the fall, at a safe distance, was afforded by the locality, for Mont 
Grenier is almost isolated, advancing into a broad plain, which extends to the valley of 
the Isere. It is several miles in length, but very narrow, and attains the height of 4000 
feet above the plain, being an abutment of the mountains of the Grand Chartreux. The 
summit is capp^ with an immense mass of limestone strata, not less than six hundred feet 
m thickness, presenting on every side the appearance of a wall. The strata dip gently to 
the side whk^ fell into the plain. This mass of limestone rests on a foundation of moUase, 
a term applied by the Genevese to the softer beds of sandstone, and underneath this, 
strata of limestone alternate with it. There can be little doubt that the disruption was 
occasioned by the gradual erosion of the soft strata, which undermined the mass of 
limestone above, and projected it into the plain. The part that fell had probably been for 
some time nearly detached from the mountain by a shrinking of the southern side, where 
there is at present a large rent, upwards of 2000 feet deep, which seems to have cut off a 
section, that 

“ Hangs in doubtful ruins o*ur its base/* 

and threatens a renewal of the event of 1248. The projected portions forming the 
Abymes des Myans exhibit a scries of small conical hills, varying in height from twenty 
to thirty feet, composed of fragments of calcareous strata, precipitated to the distance of 
two and three miles from the mountain. Falling from the upper bed of limestone with 
which Mont Grenier is capped, the velocity they would acquire by descending from so 
great a height, making due allowance for the resistance of the atmosphere, Mr. Bakewell 
estimates at not less than three hundred feet a second. The projectile force gained by 
striking against the base of the mountain, or against each other, has spread them over 
the plain; where, in the course of years, the rains and currents of water from dissolving 
snows have washed away the loose earth, and furrowed channels, giving to the masses of 
stone the aspect they now present, that of detached conical hills. The chronicles which 
have preserved a record of this occurrence do not state whether the fall of the mountain 
was preceded ny any forewarnings that allowed to the inhabitants the opportunity to 
escape. Certain it is that tlu? town of St. Andre, then a place of some importance, being the 
ancient seat of the deanery of Savoy, and other parishes, were so entirely overwhelmed, 
and to such a vast depth, that nothing has ever been discovered belonging to them except 
a small bronze statue. It has been calculated that the quantity of matter that fell, would 
be more than four hundred millions of tons in weight, occasioning a shock inconceivably 
awful, being precipitated from the height of three quarters of a mile into the plain. The 
dislodged material stopped a little short of the church at Myans, dedicaited to the Virgin, 
and called Notre Dame des Myafis, Hence the church acquired celebrity, and pilgrimages 
are made to its shrine by the Savoyards, to whom it would be heresy to intimate, that the 
elevation of the ground assisted the efforts of the Virgin in arresting the calamity. 

The sudden descent of masses from mountains, whether of rock and earth, or snow and 
ice, ill the form of an ordinary Al})ine avalanche^ has frequently propagated a series of 
striking and destructive changes. Choking up to a certain height a contracted valley, and 
arresting the progress of its stream, the formation of a lake ensues, which becomes per- 
manent if the barrier is composed of solid materials in a quantity sufficient to resist the 
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Valley of the Adige. 


pressure of the accumulated waters. In that case, the lake will go on increasing, till, 
rising to the level of some crevice, or of the summit of the mound, its waters are dis- 
charged, and thus a beautiful exjiansc with a cascade is added to the scenery of the valley. 
It generally happens, however, that such lakes are only temporary, owing to the looseness 
of the rampart being unable to withstand the enormous and increasing pressure of the 
arrested waters, or owing to its materials consisting of snow and ice, which are gradually 
wasted. The consequence is, that the barrier is forced, and the valley below is subject to 
the action of a mighty deluge, largely altering its features by its rapid and resistless rush, 
destroying the dwellings of its inhabitants with the monuments of their industry, and 
sometimes involving a fearful sacrifice of life, the flood at last subsiding into a peaceful 
stream, but wending its way in a different channel to that pursucjd before the waters were 
dammed up, a bed constructed by the powerful sweep of the newly emancipated torrent. 
One of the most memorable instances of this kind occurred in the year 1818 in the Val 
de Bagnes, one of the transverse branches of the great longitudinal valley of the Rhone, 
above the lake of Geneva. The valley, or rocky glen, extends from thirty to forty miles, 
and presents steep and rugged mountain walls, the summits ascending above the limit of 
perpetual snow, and exhibiting glaciers on their slopes. At the top of the valley, the 
river Dranse has its origin in the two glaciers of Chermontane and Mont Durand, and 
flows along its course to its termination at Martigny, where it joins the Rhone, of which 
it is one of the chief affluents. Not far from the upper end of the Val de Bagnes, it is 
formed into a narrow gorge by the approximating flanks of Mont Pleureur on one side, 
and Mont Mauvoisin on the other, between w'hich is the glacier of Getroz. From this 
glacier large masses of ice are continually detached, which, falling into the ravine, tend 
to fill up the contracted channel, and arrest the progress of the Dranse. For several 
years previous to the time referred to, the river had been much obstructed by blocks of 
ice and snow, which at length accumulated so as to resist the heats of summer, and 
ultimately form a conical projection of the glacier itself completely across its bed to the 
height of about a hundred feet. In the month of April 1818 the Dranse was dammed up, 
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degree probable that the birner would not be to hold 
oi^ igi^^ the inereasing preBsore of the waterB, and the sudd^ of «udt a 
ttdgl% ir<dume as was collected, would as certainty desolate the Yal de BagneB< To 
iitoid thlft Cftlamitj, which every day became more impending, ah engineer started the 
b^ Bcheme of tunnelling the rampart of ice, and was employed by the government of 
the canton for that purpose. This scheme, says the memoir of M. Escher upon it, was 
begun on the 10th of May, and finished on the Idth of June, under the direction ot 
i£ Venetz. The gallery was sixty- eight feet long, and during its formation the workmen 
were exposed to the constant risk of being crushed to pieces by the falling blocks of ice, 
or buried under the glacier itself. The lake at this time contained at least 800 millions 
of cubic feet of water, which in three days was reduced to 530 millions, by the discharge 
from the gallery. The sequel may best be related in the words of the memoir : — 

“ As soon as the water flowed from the lower end of the gallery the velocity of the 
cascade melted the ice, and thus wore away the gallery at its mouth. The water which 
had penetrated the crevices of the glacier caused enormous fragments of ice to fall from 
the lower sides of it ; so that owing to these causes the body of the glacier, which formed 
the retaining wall of the lake, was so much diminished in thickness that the floor of the 
gallery was reduced from its original length of 600 to 8 feet. As soon as the cascade 
had cut through the cone of ice, it attacked the debris of the base of Mauvoisin, upon 
which the cone rested ; that is to say, the torrent undermined the glacier by washing away 
the loose materials forming the bed of the stream, on which the mass of ice had been piled 
up j and having carried it ofi* by degrees, it became able to push the soft soil from the 
foot of Mont Mauvoisin, and excavate for itself a passage between the glacier and the 
rocky beds which compose the mountain. As soon as this happened, the water rushed 
out, the ice gave way with a tremendous crash, the lake was emptied in half-an-hour, 
and the sea of water which it contained precipitated itself into the valley, with a rapidity 
and violence which it is impossible to describe. The fury of this raging flood was first 
stayed by the narrow gorge below the glacier formed between Mont Pleureur and a 
projecting breast of Mont Mauvoisin ; here it was engulfed with such force that it carried 
away the bridge of Mauvoisin, ninety feet above the Dranse, and even rose several 
fathoms above the advanced mass of the mountains. From this narrow gorge, the flood 
spread itself over a wider part of the valley, which again contracted into another gorge ; 
and in this way, passing from one basin to another, it acquired new violence, and carried 
along with it forests, rocks, houses, barns, and cultivated land. When it reached Le Chable, 
one of the principal villages of the valley, the flood, which seemed to contain more debris 
than water, was pent up between the piers of a solid bridge, nearly fifty feet above the 
Dranse, and began to attack the inclined plane upon which the church and the chief part 
of the village is built. An additional rise of a few feet would have instantly undermined 
the village ; but at this critical moment the bridge gave way, and carried off with it the 
houses at its two extremities. The flood now spread itself over the wide part of the 
valley between Le Chable and St, Branchier, undermining, destroying, and hurrying 
away the houses, the roads, the richest crops, and the finest trees, loaded with fttiit. 
Instead of being encumbered with these spoils, the moving chaos received from them new 
force ; and whm it entered the narrow valley extending from St. Branchier to Mortigny, 
it continued its work of destruction till its fury became weakened by expanding itself 
over the great plain formed by the valley of the Rhone. After ravaging Le Burg and the 
village of Martigny, it fell with comparative tranquillity into the Rhone, leaving behind it 
the wreck of houses and of furniture, thousands of trees torn up the roots, and the 
bodies of men and of animals whom it had swept away.” 
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It was calculated by the writer of the memoir, that the flood for the first four miles 
swept along at the rate of twenty miles an hour, nearly the speed of a locomotive, and 
furnished about 300,000 cubic feet of water every second — an cfllux five times greater 
than that of the Rhine at Basle. In six hours and a half, it arrived at the Lake of Geneva, 
having passed into the Rhone, a distance of forty-five miles. Among the physical 
alterations effected by this debacle, there was the deposition of a stratum of alluvial matter 
over the whole of the lower part of the Val de Bagnes. This was several feet in thickness, 
and was so distributed that roads were obliged to be cut through it in some places, as 
when the snows have blocked up our thoroughfares. Tlierc was the transportation of an 
immense number of isolated masses of rock to a considerable distance, some of which must 
have been many tons in weight. One of these, fairly projected out of the gorge of the 
valley into the plain, measured twenty-seven paces round, twelve feet in height, and 
twelve feet across in one direction, and even larger masses bore indubitable marks of 
having been in motion. For some time the course of the Dranse fluctuated, and when at 
last it settled down into a channel, it was one widely different from that which had before 
been followed. Captain Hall visited Martigny a few weeks after this visitation, and 
found every land-mark obliterated under one uniform mass of detritus, which had levelled 
all distinctions in a “ sweeping and democratic confusion.’* 

The removal of loose materials, the tearing up of fragments of rock, and their 
transportation to a distant site, transpire under the action of those temporary torrents 
which are produced by heavy rains in mountainous districts. The pen of Captain Hall 
has sketched in a lively manner a specimen of their vigour as exhibited in the high lands 
behind the town of Funchal in the island of Madeira. The whole of the upper part of 
the mountain is split into crevices, in some instances deep enotigh to be called ravines, or 
in the larger cases even valleys, which have been cut by the rapid rush of the descending 
currents. Many of these crevices run into one another, so that when the rain falls in 
any quantity, the whole series are sot in operation at once, like so many gigantic sluices, 
to conduct the water into the main channels which convey it into the sea. In less 
precipitous countries, the minor streams take some time to collect their waters ; but at 
Madeira, where the hills are steep, the whole is done almost at a blow, and with an 
impetuosity that seems formidable to eyes unaccustomed to it. A few hours after a heavy 
rain has commenced, the torrents are all at work. Behind Funchal, the side ol' the 
mountain is indented by a valley of considerable dimensions, into which a number of 
ravines run, and bring down the discharges of rain from the highest ridges of the island. 
This is frequently the bed of a torrent, filled to the depth of twenty feet, partly with 
water and partly with stones, many of them of great dimensions, and moving together 
with a noise like continuous loud thunder. The angle which the bed makes with the 
horizon is sufficient to cover the surface of the stream with waves more tumultuous than 
those of the Canadian rapids, bearing along rocks with the utmost velocity, which the 
St. Lawrence would not cause to budge an inch. Sometimes huge blocks are jerked half 
out of the stream by the violence with which they are dashed against one another, or 
against some opposing angle of the cliannel, the bottom and sides of which, every time 
the torrent is in action, undergo an amount of wear and tear which effects great changes 
in the course of years. The writer before referred to describes this torrent, when in full 
play, as the grandest thing possible, requiring an effort of considerable resolution to 
advance to its brink, and far surpassing the surfs, breakers, and rapids, in any part of the 
world, in the impression of irresistible power it makes upon the senses. The roar is such 
that hardly any elevation of the voice can make two persons audible to one another, 
though standing side by side, while the ground trembles in a manner indicating the 
enormous weight passing over the surface. Soon after the rain ceases, this immense 
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water-course becomes dry, and exhibits a pavement covered with blocks of stone, variously 
distributed, which the current has conveyed from the upland regions, to be transported 
farther when its flow is renewed. 

Many remarkable cases of change produced by streams in flood might be quoted from 
the records of ancient and modern times. One of the rivers of the Roman plain, the 
Anio, now called the Teverone, has repeatedly committed extensive ravages in that land 
of classic recollections. Silius Italicus speaks of its gentle flow into the Tiber, but 
Horace gives it the epithet of prcecepSf impetuous or headlong, having eye probably to its 
appearance in inundation. The patrician families of Rome retired to villas upon its 
banks in summer, attracted by the coolness of its waters, a quality mentioned by Virgil, 
and by the striking scenery, as at Tivoli, where the beautiful remains of the temple of 
Vesta, and the fall of the river, constitute a picture which has few equals. In the time of 
the younger Pliny, there was a flood on the Anio, which is the subject of one of his letters 
to Macrinus : — “ Is the season with you as rude and boisterous as it is with us ? All 
here is tempest and inundation ; the Tiber has swelled its channel, and overflowed its 
banks far and wide ; though the wise precaution of the Emperor had guarded against this 
evil, by cutting several outlets to the river ; it has nevertheless flooded all the fields and 
valleys, and entirely overspread the whole face of the flat country. It seems to have 
gone out to meet those rivers which it used to receive and carry off in one intermingled 
stream ; and has driven them back to deluge those countries it could not reach itself. 
That most delightful of rivers, the Anio, which seems invited and detained in its course 
by the charming villas that are situated upon its banks, has almost entirely rooted 
up and carried away the woods which shaded its borders. It has overthrown whole 
mountains, and in endeavouring to find a passage through the ruins that obstructed its 
way, has forced down houses, and rises over the desolation it has occasioned. The 
inhabitants of the hill countries, who are situated above the reach of this inundation, have 
been the melancholy spectators of its dreadful effects, having seen costly furniture, 
instruments of husbandry, ploughs, and oxen with their drivers, whole herds of cattle, 
together with the trunks of trees, and beams of the neighbouring villas, floating about in 
difiereiit parts. Nor indeed have these higher places themselves, to which the waters 
could not rise, escaped the calamity. A continued heavy rain, as destructive as the river 
itself, poured down in torrents upon them, and has destroyed all the enclosures which 
divided that fertile country. It has damag(*d likewise, and even overturned, some of the 
public buildings, where numbers had been miserably buried in the ruins.” Such is Pliny’s 
account of a rise of tlie Anio, probably in the first century of the Christian era. It is an 
interesting illustration of the constancy of natural phenomena, that after the lapse of 
some seventeen centuries, in the year 1826, the scene upon its banks might be described 
in nearly the words of the, preceding relation. After heavy rains in November the river 
broke its bounds, at the same time permanently widening its own channel in many 
places, by the power of the current undermining and destroying the clifls along its course. 
A considerable eminence, on which stood the church of St. Lucia, and near forty houses 
of the town of Tivoli, were carried aw ay, and the precipice crow ned with the relics of 
Vesta’s temple might have shared the same fate, had the flood risen a few feet higher. 

During the storm of 1829, which ravaged Morayshire and some of the neighbouring 
countries, a storm, which bore a more remarkable resemblance to a tropical hurricane 
than any which has visited our climate, at least in recent times, some striking examples 
occurred of the power of a strong current, in detaching fragments of rock, apparently 
firmly fixed in their native beds, bearing them away in a mass, and the whole district 
subject to the influence of the swollen waters of the Spey, Findhorn, Divie, Dee, and 
Dow% was, at various points, largely modified in its physical aspect. The heavy con- 
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tinuous rain which descended was accompanied with violent and sudden gusts of wind, 
as well as with extraordinary thunder and lightning. Speaking of the appearance of the 
river Don, about the old Brig of Balgownie, an eye-witness, Mr. George Tulloch, of 
King’s College, Aberdeen, remarked, that he had seen the waves of the Atlantic rolling 
down the Pentland Frith, and wasting their gigantic strength on the bold and iron-bound 
coasts of the north ; but even there the impression of power was less vivid than that 
produced by the rush of the river, compared with which the united exertions of the 
human race seemed but a feeble conception. The Don, upon the premises of Mr. Far- 
quharson, forced a mass of four or five hundred tons of stones, many of them of great 
size, up an inclined plane, rising six feet in ten yards ; and one of nearly four tons weight, 
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which he had long known in a deep pool of the river, was borne upwards of a hundred 
yards from its place. Yet evidence appears of the transporting power of w^ater having 
been in action, at some former period, in this locality, with more gigantic energy than 
was developed in 1829, for a block of gneiss, weighing about a hundred tons, and lying 
below the junction of the Divie and the Dorback, upon a shelf of schistus, w^as not moved 
an inch by the latter flood, which must have been translated to its present position, and 
therefore by a more formidable inundation, as there is no rock of a similar kind for a 
considerable distance from it. The mill at Logie, on the Findhorn, standing fifteen feet 
above the ordinary level of the stream, was saved by the lower story being completely 
filled up to the ceiling with sand by the flood, which prevented the water working within 
it, though it rose in the upper story three feet deep. Sir Thomas Dick Lauder, in his 
singularly interesting and graphic volume on this local deluge, mentions upon his own 
estate at Belugas the loss of ten thousand points of locality, on which hung many long- 
cherished associations, with the memory of those who can never return to sanctify the 
new scenes resulting from the catastrophe. “ On Sunday,” he observes, “ the 2d of 
August, I returned from church by the river walk. The day was sultry and cloudy, and 
a gentle shower began to fall, which hardly penetrated the canopy of leaves overhead, 
and but added freshness to the surrounding natural objects, and especially to the roses 
and rhododendrons that were flowering among the rocks ; this was the beginning of the 
rain, that continued without intermission all the night, and for the next two days.” The 
river walk referred to was on one of the banks of the Divie, leading down to the point 
of its junction with the Findhorn, a pleasure-walk which had been constructed with 
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especial care to conduct the line at an elevation considered to be beyond the reach of 
from floods. “ The rocks and recesses of the wooded banks, and the little grassy 
slopes^ were covered in a wild way with many thousand shrubs, of all kinds, especially 
wilk laurels, rhododendrons, azaleas, lilacs, and a profusion of roses, which were thriving 
Vlgorcmsly, and beginning to bear blossoms, whilst the rocks were covered with the diflTerent 
sislfrages, hung with all sorts of creepers, and enamelled with a variety of garden 
flowers, all growing artlessly, as if sown by the hand of nature. The path was therefore 
oonsidered to be not unworthy of the exquisite scenery through which it led ; but the 
flood of the 3d and 4th of August left not one fragment of it remaining, from one end to 
the other. Not a tree, or shrub, or flower, or piece of soil, nay, or of moss or lichen, is 
to be seen beneath that boldly and sublimely sketched line of flood, that appears on 
either side, and from end to end of these rocks, like the awful handwriting of God on 
the wall ! ” Principal Baird, then on his way to Belugas, called to the post-boy to stop 
as he was crossing the Divie Bridge, that he might enjoy the view of the scenery: but 
“ Na, nn. Sir,” was the reply, ‘‘ these are ower kittle times to be stopping on brigs ! ” 

The difference in the condition of Belugas immediately before and after being subjected 
to the action of the flood remarkably illustrates the tremendous power with winch the Divie 
rushed down its beautiful glen. Its sloping banks were converted into perpendicular 
walls, and a mass of rock appears in the mid -channel which before was at the side of the 
stream. The offices of the house, originally more than fifty yards from the water edge, 
and forty feet in perpendicular height above its level, were within a yard of the crumbling 
precipice. The Divie was before remarkable for the depth of its pools, but owing to the 
accumulations of sand and gravel brought into its bed, these were so completely obliterated, 
that, for many weeks afterwards, a dog might have walked down its whole course, from 
Edenkillie Church to the Findhorn, witliout difficulty. The swimming pool at Belugas had 
a depth of sixteen feet of winter ; but a deposit of gravel twenty feet deep was laid in it, 
changing the pool into a shallow, the bottom of which was four feet liigher than the former 
surface of the water. “ The whole scene,” remarks the proprietor, while enacting, “ had an 
air of unreality about it that bewildered the senses. It was like some of those wild melo- 
dramatic exhibitions where nature’s operations are out-heroded by the mechanist of a 
theatre, and where mountains are thrown down by artificial storms. Never did the 
unsubstantiality of all earthly things come so perfectly home to my conviction.” What 
transpired in this neighbourhood may be taken as a sample of tlie changes that were 
produced through tlie wide extent of country reached by the waters of the flood. At 
Loch-na-mhron, a small lake, with a swamj)y island in the centre, a current drove into it 
with such force as to undermine and tear up the island, and carry it in mass to the 
opposite shore, where it was left stranded upon the bank. We have a record of remark- 
able transitions at a point of the river Nethey, extremely interesting to the geologist, the 
work of successive floods occurring during the interval of about a hundred years. A 
Company once were pounding iron-ore with their ponderous hammers, moved by active 
machinery, in its bed. These actors disappeared, and the river soon obliterated all traces 
of them and of their w^orks, by filling up its channel there with rounded masses of stone 
mingled with gravel, upon which its waters were compelled to seek another bed consider- 
ably to the westward. But flood succeeded flood; and the quieter portions of each 
successive inundation spread over the ground, where, by degrees, they deposited a deep 
and fertile soil, forming a rich piece of land, the surface of which was six or eight feet 
above the level of the ground the works of the Company had occupied. The greater part 
of this beautiful flat was soon subjected to tillage ; and, the seeds of some neighbouring 
alder trees finding their way into a portion of it, a grove speedily made its appearance. 
The trees grew till they became tall and majestic, and agricultural labour went on, till the 



INTERIOR LAND CHANGES. 


419 


flood of 1829 came down, when the mantle of alluvium was torn off, the corn land and the 
grove were swept away, and the memorials of manufacturing industry were again exposed 
to the light. 

The excavating power of water when confined to a channel too narrow for it, and where 
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its bed has a consid(*rable inclination, was 
strikingly excjnplifted by an expedient 
resorted to by Mr. Gumming Bruec, to 
preserve Thomas Rliymer’s Hill nj)on his 
CvState. The Dormick swej)t nearly round 
this coni cal- sli aped hill, which formed the 
extremity of a long and narrow peninsula, 
and was rapidly wearing away by the ac- 
tion of the stream in its floods. The 
level of the water on one side of tlie pe- 
ninsula was about twenty-two feet higher 
than on tlic other, and consequently, by 
cutting a trench through the neck, the 
stream would be diverted from its old cij*- 
euitous channel round the hill, and pass 
directly through the peninsula to that ])art 
of its bed in a line with the opening. Ac- 
cordingly a cut was made, witli a fall of 
about four feet from one end to the other, 
at a time when the river was of its average 
size. When the last dam of earth which 
prevented the egress of the water into the 
trench w'as struck away, “ nothing,” says 
Sir Thomas Dick Lauder, “ could be mox*e 
interesting and striking than this event, where the effect of a single blow was, in 
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one moment, to produce so great a change in nature’s works — a change which, though 
wrought by a single hand, was, in itself, and in its consequences, so vast and un- 
controllable, that, if thousands of men had been on the spot, they could not have turned 
that river back again. On swept its devouring columns, with the low hissing sound of a 
serpent, but with the force and swiftness of an eagle sweeping to its prey.” The view 
of the trench at the time it was opened, and twenty-four hours afterwards, was most 
striking. The banks, being undermined, rapidly gave way, falling in huge masses 
at a time, and ultimately the Dornack reduced its new course to an inclined plane, 
extending a considerable way back from the opening, with a channel sufficient in width 
to accommodate a much larger river. The Rhymers Hill, for whose preservation this 
turn was given to the Dornack, is connected with a tradition respecting the extinction of 
the last wolves from the district, and was therefore a spot of some interest in the neigh- 
bourhood. Two brothers having watched the parent animals from their den, one stationed 
himself at the entrance to give the alarm in case they returned, while the other went in 
to destroy the cubs. Before this was accomplished the wolves came back, when the 
sentinel fled without giving any signal, under the influence of a sudden panic. Ashamed 
of his cowardice, and not doubting the fate of his brother, he gave out that he had been 
killed in the den, and wounded himself in several places to make it appear that he himself 
had with diflSiculty escaped. But after a severe contest with the enraged animals the 
brother succeeded in despatching them ; and upon the discovery of the treacheiy and 
deceit of the other, the laird adjudged him to be hanged on the Rhymer’s Hill. 

A sudden and extensive landslip occurred in the year 1826, in the White Mountains, 
the name of that part of the Alleghanies, which lies in New Hampshire, one of the United 
States, so called from the greyish white colour of the bare rocks at their summits. Here 
there is a pass, or no/ck, according to the language of the district, about six miles in 
length. The mountains on each side rise from 1800 to 2000 feet, at an angle of about 
45°, and form a valley less than half a mile in width, along which a roaring streamlet, the 
Saco, takes its course. At the period in question, a farmer of the name of Willey, with 
his wife, five children, and two labourers, occupied a small farm at the upper end of the 
valley, hospitably entertaining the benighted travellers who sought the shelter of their 
roof. It was the only house in the notch, and their nearest neighbours were six miles 
distant. At that time, the hills were mantled with large forest-trees and shrubs, so that 
no disturbance of their site could have happened for ages, nor had anything occurred to 
render the family doubtful as to the perfect safety of their position. But in the month 
of June, a small slide of eartli took place from the top of the surrounding hills, which so 
alarmed the dwellers below by the devastation it made, as to induce them to retreat half 
a mile down the Saco, erecting a temporary camp upon an apparently safer spot. After 
two unusually dry seasons, in the beginning of July, the clouds collected about the 
summits of the mountains, and commenced the discharge of a deluge of rain, while the 
wind blew a hurricane, which continued with unabated violence for several days. On the 
night of the 26th, the tempest raged with tremendous fury, accompanied with loud 
thunder and vivid lightning. The valley was inaccessible, owing to the great swelling of 
the Saco; but when a peasant entered it by swimming his horse across an eddy, the 
terrible spectacle presented itself, of the entire face of the hills having descended in one 
confused mass into the valley. The Willeys’ house appeared upon its old site uninjured 
in the midst of the vast chaos. But the home was desolate. The lifeless bodies of its 
former inmates, after some days’ search, were found buried beneath a mass of wood and 
rubbish, not far from their own door. It seems, that, after retiring to rest, they had been 
alarmed by the noise of the descending materials, and flying out of their dwelling, they 
had been swept away by the torrent of earth, stones, trees, and water that came rushing 
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down the hills with the impetuosity which an abrupt declivity of 1800 1‘eet would give it. 
What was most remarkable, the torrent, after coming within four feet of the house, had 
divided into two branches, sweeping round it, and forming a junction within a few yards 
of the front, so that a flock of sheep under the lee of the house were saved, while the 
family leaving it perished. Every other part of the valley was covered with the 
dislodged matter of the hills to the depth of several feet, and a person from the rear of the 
house might step upon its roof with ease. The sides and summits of the mountains 
presented immense scars and seams, from which masses of earth and rock, with the 
vegetation upon them, had slid down. Some days afterwards, a small mass bearing a 
thick pine forest was seen to be in motion, and after proceeding slowly from its place, it 
began to totter, and then fell headlong into the valley. In accounting for this fearful 
incident, which answered to what fancy pictures of the wreck of nature, it may be supposed, 
that the previous hot seasons had so dried and cracked the ground, that the subsequent 
rains found easy admission to a considerable depth below the surface, their violence 
rapidly undermining the substratum, and the action of the wind upon the trees con- 
tributing to put the whole in motion. 

Turning to those parts of the globe where the sandy deserts are situated, a series of 
changes are there in process, the wind perpetually altering the disposition of the sand, 
and scattering it far and w'ide in flying clouds. Hence the domains of the desert have 
in several places been extended since the date of authentic history, and many fertile spots 
been converted into sterile regions. Cities and towns to the west of the Nile, flourishing 
in the times of the Pharaohs, and even the Ptolemies, have been buried by the sand-drifts, 
and more modern erections likewise, for the summits of minarets and mosques remain 
visible above the surface. In the course of ages, the desert had so completely overwhelmed 
the great temple of Ebsamboul, one’ of the most stupendous of those rock-hewn wonders 
for which the ancient Egyptians were so famous, that of the four colossal statues in front, 
sixty feet high, nothing remained visible but the solitary bust of one of these figures. It 
required from July 1 1th to August 1st, for Mr. Belzoni and Captains Irby and Mangles, 
with their servants and some Nubian retainers, to effect the clearance of the doorway, and 
the accumulated sand was of so fine a description that every particle of it would have gone 
through an hour-glass. Professor Jameson gives a statement from the Mercure de France^ 
written by a brother of M. de Luc, to the effect that the sands of the Lybian deserts, 
driven by the west winds, have left no lands capable of tillage on any part of the western 
banks of the Nile not sheltered by mountains. The encroachment of these sands on soils 
which were formerly inhabited and cultivated is evidently seen. M. Denon informs us, 
that summits of the ruins of ancient cities buried under these sands still appear externally : 
and that but for a ridge of mountains called the Libyan chain, which borders the left 
bank of the Nile, and forms, in the ports where it rises, a barrier against the invasion, the 
shores of the river, on that side, would long since have been uninhabitable. Nothing, he 
says, can be more melancholy than to walk over villages swallowed up by the sand of the 
desert, to trample underfoot their roofs, to strike against the summits of their minarets, to 
reflect that yonder were cultivated fields, that there grew trees, that here were even the 
dwellings of men, — and that all has vanished ! Jameson remarks upon these statements, 
that the great population of Egypt, announced by the vast and numerous ruins of its 
cities, was in a great part due to a cause of fertility which no longer exists, and to which 
sufficient attention has not been given. The desert was formerly remote from Eg}^pt, the 
oases, or habitable spots, still appearing in it, being the remains of . the soils formerly 
extending the whole way to the Nile, which the sands transported hither by the western 
winds have overwhelmed, and thus doomed to sterility a land which was once remarkable 
for its fruitfulness. He concludes, therefore, that Egypt owes the loss of her ancient 



422 


PHYSICAL GKOGUAPllY. 


splendour, not solely to her revolutions and changes of sovereigns, but also to her having 
been invaded by the desert, deprived by it of a tract of land by which her wants have 
been abundantly supplied. The preceding paragraphs require some modification, 
for, though the sand has spread over the irrigated land on tlie west of the Nile, where 
valleys open, running out towards the Lybian desert, yet this effect is by no means 
general throughout the valley of the river, while in other places the alluvial deposit from 
it has been extended over a wider surface, compensating for the loss from the sand-flood. 
The plain of Thebes, in the time of Amunof IIL, about 1430 b. c., was not more than 
two-thirds of its present breadth. The alluvial mud around the statues of that monarch, 
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which has been collected to the height of nearly seven feet, rests on sand, which shows 
that if the desert has invaded the cultivable soil yielded by the Nile, the river has returned 
the visit. While great and disastrous changes have undoubtedly taken place at many 
points in the physical condition of the country, since the time when the gigantic statue 
of Memnon was erect, and the temples were frequented, the social and political causes 
have been far more influential in reducing Egypt from a state of advanced civilization to 
a level with the “ basest of kingdoms.” 

The aspect of the whole region of deserts, extending with few interruptions laterally 
through the heart of the old world, where the sand lies loose, fluctuates under the 
influence of the wind. The finer particles, caught up by it, are drifted to some arresting 
object, the carcase of a camel, a block of stone, or a shrub, around which they collect, and 
form those mounds which relieve the level surface, and are variously modified under the 
action of the cause that produces them. In several localities upon the great plain of 
ancient Babylon, these sandhills appear, styled by the Arabs El Aiyat, a miracle, or lyad, 
a large heap of sand, or Wilayat Beni Ismael, the dominions of the sons of Ismael. They 
occur on the level plain, and exhibit the curious phenomenon of constantly shifting their 
place and varying in amount, and yet always remaining in the same general locality. 
They are thought to owe their existence to the presence of springs, which moisten the 
sand and cause its accumulation, while the prevailing winds alter their form without 
varying their position, owing to their bases having a fixed point of attraction. To the 
Arabs they are objects of superstition, who look upon them as the sepulchres of brethren 
fallen in battle, and hence recognise them as the dominions of the sons of Ismael. The 
lamented Sir A. Burnes mentions vast fields of soft sand formed into ridges lying between 
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Bokliara and the Oxus, utterly destitute of vegetation, which have a remarkably uniform 
aspect. The whole of them had the shape of a horse-shoe, the outer rim presenting itself 
to the north, the direction of tlie prevalent winds of the country. Towards this direction, 
the mounds sloped, but were invariably precipitous on the interior side, showing plainly 
the influence of the winds in heaping them up, and arranging their contour. While 
a high wind was blowing, the particles at the surface passed from one mound to another, 
and wheeled in the interior of the semicircle. The great river of this district, the Oxus, is 
supposed to have been compelled to alter its course, or at least to have lost one of its 
branches, by the advance of the desert. According to Strabo, goods from India were 
brought along this river into the Caspian, and from thence were transferred into Europe ; 
a fact, which Varro informs us was ascertained by Pompey in the Mithridatic war. The 
Oxus now enters the sea of Aral, but dry river-beds between Astrabad and Khiva are 
thought to be the memorials of the channel from which the encroachment of the sand has 
expelled its waters. 

In active volcanic districts, we have an instrument of change occasionally at work, of 
irresistible energy, sublime in the manifestations of its power, but happily having a more 
confined field of operation than any of the causes which have been noticed as modifying 
the aspect of the globe. It is near the centres of volcanic action that alterations are 
efiected by the play of the subterranean furnaces, and these occur here upon a vast scale, 
a permanent rise being frequently given to the surface of the adjacent country by tlie 
discharge upon it of enormous volumes of lava, stones, and ashes. The complete burial 
of the ancient cities of Pompeii and Herculaneum illustrates the immense amount of 
matter then ejected from Vesuvius, the first recorded instance of its eruption, in the 
month of August, a. d. 79. We are told by Diodorus Siculus that the mountain had 
“ many signs of having been burning in ancient times,” and Strabo infers its igneous 
origin from the nature of its rocks ; but at the time in question, its slopes were richly 
cultivated and proverbially fertile, and just before, its top, a slightly concave plain, 
according to Virgil’s description, had been the camp where the Romans besieged the 
brave Spartacus and his revolted slaves. Martial’s epigram testifies to the harmlessness 
of Vesuvius anterior to the disturbance to which we refer, a character which had certainly 
belonged to it for several ages. 

“ Here verdant vines o’erspread Vesuvius’ side ; 

The generous grape here pour’d her j)urple tide, 

This Bacchus lov’d beyond his native scene ; 

Here dancing satyrs joy’d to trip the green, 

Far more than .Sparta this in Venus’ grace ; 

And great Alcides once renowned the place. 

Now flaming embers spread dire waste around. 

And gods regret that gods cun thus confound.’ 

It was during the first movement of Vesuvius after ages of inaction, and perhaps the most 
formidable of its eruptions in modern times, that the elder Pliny lost his life, of whicli we 
have a description by his nephew in two letters to Tacitus. ‘‘ lie was at tJiat time,” 
remarks the narrator, “ with the fleet under his command at Misenum,” the Portsmouth 
of the Roman navy, as it has been styled. ** On the 24th of August, about one in the 
afternoon, my mother desired him to observe a cloud which appeared of a very unusual 
size and shape — he immediately arose, and went out upon an eminence, from whence he 
might more distinctly view this very uncommon appearance. It was not at that distance 
discernible from what mountain this cloud issued, but it was found afterwards to ascend 
from Mount Vesuvius. I cannot give you a more exact description of its figure, than by 
resembling it to that of a pine-tree, for it shot up to a great height in the^form of a 
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trunk, which extended itself at the top into a sort of branches.” The phenomenon excited 
the philosophical curiosity of Pliny to have a nearer view, and he was preparing to obtain 
it, when a pressing message was delivered to him for help, from the occupants of some 
villas in peril. “ When hastening to the place from whence others fled with the utmost 
terror, he steered his direct course to the point of danger, and with so much calmness and 
presence of mind, as to be able to make and dictate his observations upon the motion and 
figure of that dreadful scene. He was now so nigh the mountain, that the cinders, which 
grew thicker and hotter the nearer he approached, fell into the ships, together with 
pumice-stones, and black pieces of burning rock. They were likewise in danger, not 
only of being aground by the sudden retreat of the sea, but also from the vast fragments 
which rolled down from the mountain, and obstructed all the shore. Here he stopped to 
consider whether he should return back again, to which the pilot advising him, ‘ Fortune,’ 
said he, * befriends the brave. Carry me to Pomponianus. ’ ” Proceeding to Stabiae, he 
found Pomponianus in the greatest alarm, and the paroxysms of the mountain became 
still more violent, so as to compel them to an instant flight. “ They went out then, 
having pillows tied upon their heads with napkins ; and this was their whole defence from 
the storm of stones that fell around them. It was now day every where else, but there a 
deeper darkness prevailed than in the most obscure night, which, however, was in some 
degree dissipated by torches and other lights of various kinds. They thought proper to 
go down farther upon the shore, to observe if they might safely put out to sea, but they 
found the waves still run extremely high and boisterous. There my uncle, having drank 
a draught or two of cold water, threw himself down upon a cloth which was spread for 
him, when immediately the flames, and a strong smell of sulphur, which was the forerunner 
of them, dispersed the rest of the company, and obliged him to rise. He raised himself 
up with the assistance of two of his servants, and instantly fell down dead, suffocated, as 
I conjecture, by some gross and noxious vapour. As soon as it was light again, which 
was not till the third day after this melancholy accident, his body was found entire, and 
without any marks of violence upon it.” No lava was emitted from Vesuvius upon this 
occasion, but the shower of sand, stones, and cinders, lasting eight days and eight nights, 
accompanied with violent falls of rain, was so great, as to overwhelm the cities of Stabiae, 
Herculaneum, and Pompeii, which vanished from the face of the country, and lay buried 
under horizontal beds of loose tuff and lapilli till the commencement of the last century. 
Herculaneum, indeed, was subsequently covered to the depth of eighty or a hundred feet 
with solid volcanic masses, the consequence of repeated eruptions, so as to render its total 
disinterment hopeless ; but Pompeii has remained with the mantle of ashes which originally 
destroyed it, about twenty feet thick, tlie loose material rendering its removal comparatively 
easy. Here, in the Street of the Tombs, as it has been called, a part of the suburbs of 
the city, seventeen skeletons were found huddled together in one ^ the vaultB af a villa, 
while two others, one bearing a key, and supposed to have been the master of the house, 
lay stretched in the garden. Two of those in the vault were the remains of children, 
whose fair hair was well preserved ; most of the rest were females, the impression of their 
forms on the volcanic sand indicating youth and beauty. 

Professor Silliman has made admirable use of these unfortunate cities, in illustrating 
the nature of geological evidence. Referring to the very singular fact, that while history 
mentions the existence of the cities repeatedly, and records the eruption of Vesuvius, as 

in the letter of Pliny, no allusion whatever occurs to their destruction, he observes : 

“When, in 1738, the workmen, in excavating a well, struck upon the theatre of Hercu- 
laneum, which had been buried for seventeen centuries beneath the lava of Vesuvius ; 
when, subsequently (1750), Pompeii was disencumbered of its volcanic ashes, and thus two 
ancient cities were brought to light ; had history been as silent respecting their existence 
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as it was of their destruction, would not all observers say, and have not all actually said 

Here are the works of man, his temples, his houses, furniture, and personal ornaments • 
his very wine and food ; his dungeons, with skeletons of the prisoners chained in their 
awful solitudes, and here and there a victim overtaken by the fiery storm ? Because the 
soil liad formed, and grass and trees had overgrown, and successive generations of men 
had erected their abodes over the entombed cities, and because these were covered by lava 
and cinders, — still does any one hesitate to admit that they were once real cities ; that 
they stood upon what was then the surface of the country ; that their streets once rang 
with the noise of business ; their halls and theatres with the voice of pleasure ; and that 
they were overwhelmed by the eruptions of Vesuvius, and their places blotted out from 
the earth and forgotten ? These inferences no one can dispute — all agree in the 
conclusions to be drawn. When, moreover, the traveller sees the cracks in the walls of 
the houses of Pompeii, and observes that some of them have been thrown out of the 
perpendicular, and have been repaired and shored up with props, he infers that the fatal 
convulsion was not the first, and that these cities must have been shaken to their foundation 
by the effects of previous earthquakes. In like manner the geologist reasons respecting 
the physical changes that have taken place on the surface of our globe. The crust of the 
earth is full of crystals and crystallized rocks ; it is replete with the entombed remains of 
animals and vegetables, from mosses and ferns to entire trees — from tlie impressions of 
plants to whole beds of coal. It is stored with the remains of animals, from the minutest 
shell-fish to the moat stupendous I'eptiles. It is chequered with fragments, from fine sand 
to enormous blocks of stone. It exhibits in the materials of its solid strata every degree 
of attrition ; from the slightest abrasion of a sharp edge or angle, to the perfect rounding 
which produces globular and spheroidal forms of exquisite finish. It abounds in dislocations 
and fractures; with injections and filling up of fissures with foreign rocky matter; with 
elevations and depressions of strata in every position, from the horizontal to the vertical 
It is covered with the wreck and ruin of its former surfaces ; and, finally, its ancient fires, 
although for a while dormant, have never been wholly extinguished, but still find an exit 
through volcanic mouths. When we reflect upon these phenomena, we cannot hesitate to 
infer that the present crust of the earth is the result of the conflicting energies of 
physical forces, governed by fixed laws ; that its changes began from the dawn of the 
creation, and that they will not cease till its materials and its physical laws are anni- 
hilated.” 

The mass of matter ejected from many volcanoes, whether lava, stones, or ashes, has 
frequently been of gigantic magnitude, adding thick layers of material to the surface of 
the country over which the currents have streamed, and upon which the showers have 
fallen. Vesuvius, in 1737, gave out a stream of lava, which passed through Torre del 
Greco to the sea, and contained upwards of 33,587,058 cubic feet; and in 1794 a lava 
current pursued the same course, its solid contents amounting to 46,098,766 cubic feet. 
In 1669, Etna gave forth 93,838,950 cubic feet ; and the sand and scoriae formed the 
Monte Rossi near Nicolosi, a cone two miles in circumference, and about 450 feet high. 
The lava contained in two currents from the Skaptar Yokul in Iceland in 1783, which 
was so hot twelve months afterwards as to be impassable, has been subjected to the | 
following calculation. “ Assuming the average breadth of the first current as six 
miles, and of the second as three, both probably below the truth, the one would cover 
300 square miles, the other 120, or 420 in all. With an average depth of fifteen yards, 
the combined mass would contain 420 x 3097600x15=19,514,880,000 cubic yards, or 
nearly twenty thousand millions. But this comprises only that portion which flowed into 
the inhabited district, whilst it is likely that an equal or greater quantity remained heaped 
up around the crater, or flowed off into the unknown regions of the interior. To this must 
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also be added the pumice, sand, and ashes, scattered not only over the whole island, but 
to a distance of 300 miles round, in such abundance as to destroy the fisheries in the 
neighbouring sea. With these additions it would amount, we may believe, to fiity or sixty 
thousand millions of cubic yards, exceeding the solid contents of Hecla, which, if six miles 
in diameter at the base, and 1700 yards high, would contain nearly fifty thousand millions 
(49,537,270,000) of cubic yards. This is probably larger than any individual mass of the 
older igneous rocks known to exist.” This one discharge of this volcano, if spread over 
the coal fields of Great Britain, would cover them with a coating of basaltic rock twenty 
feet thick, or accumulated together upon the site of London, the product would be a 
mountain rivalling the Peak of Tencriffe. 

Besides the deposition of horizontal beds of ejected matter, the bulging up of the 
surface in the form of cones and hills of considerable elevation and diameter, on the flanks 
of volcanic mountains, or on plains subject to volcanic action, is a common instance of 
change wrought by the mighty disturbing force exerted. Thus the entire volcano of 
Jorullo arose out of a plain to the west of Mexico, to the height of 1680 feet, the sur- 
rounding district, through an area of three or four miles, being swelled up like a bladder, 
studded with cones of inferior size. The formation of Monte Nuovo in the neighbour- 
hood of Naples, and of Monte Rossi upon the side of Etna, are instances of similar pheno- 
mena. Extensive subsidences also frequently attend volcanic eruptions. The greater 
part of the Papandayang, on the western extremity of Java — one of the largest volcanic 
mountains of the island — was swallowed up in the year 1772. On the night of this 
event, the inhabitants on the declivities and at the foot of the mountain were alarmed by 
the appearance of a luminous cloud, which seemed to envelop the higher regions ; but 
before they could retire from the vicinity, the mass began to give way, and disappeared 
with a tremendous noise in the earth. An extent of ground belonging to the mountain 
itself and the environs, fifteen miles long and six broad, subsided by this convulsion. 
The formation of cracks and fissures is another feature of change effected by volcanic 
agency; In 1669, in the plain of St. Lio, upon the side of Etna, a fissure six feet broad 
and of unknown depth opened with a loud crash, traversing a length of twelve miles, and 
emitting a vivid light, indicating the presence of incandescent lava. Five other parallel 
fissures also opened, extending a considerable way ; and the same effect has been often 
produced by the paroxysmal excitement of Vesuvius. The external appearance of active 
volcanic mountains is thus in a state of striking instability ; and in not a few instances 
great changes may be traced, both of form, elevation, and magnitude. Though the alti- 
tude of Etna may not have materially varied during the last 2000 years, yet the cone has 
repeatedly fallen in, and been reproduced. It was 320 feet high in the year 1444, but 
fell in during the earthquake of 1537 ; and, after reproduction, the cone lost so much of 
its height in 1693, that, from several places in Val Demone, it ceased to be visible where 
it had been seen. The summit of Vesuvius, about a quarter of a century ago, was a 
rough and rocky plain, covered with blocks of lava and scoriae, and cut by numerous 
fissures, from which clouds of vapour were evolved. These were all removed by the 
violent eruptions of October 1822; and a vast elliptical chasm was formed, three miles 
in circumference, three quarters of a mile in the longest diameter, and about two thou- 
sand feet deep. Upwai'ds of eight hundred feet of the ancient cone were carried away, 
which reduced the height of the mountain from 4000 to 3200 feet. But whatever changes 
may have transpired within the period embraced by the records of history, they are 
utterly insignificant to those anterior to that date, of which the geological appearance of 
Etna exhibits indisputable evidence. All the most conspicuous of its eighty lateral cones 
are older than the era at which authentic history commences, and bear witness to violent 
catastrophes in the hoar antiquity of time ; and as one in three eruptions is supposed to 
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take place from the summit — as every eruption from the flanks does not produce a cone 
— and as great intervals of rest occur between successive explosions, in some instances 
amounting to a century, the mere superflcies of Etna develops a series of changes which 
carry us back to a vastly remote date. 

However limited the field of active volcanic operation, and local the effects of the enor- 
mous fires that occasionally flare up, and perpetually smoke, large tracts of country 
furnish unquestionable proof of having formerly been scenes where “ fire ran along upon 
the ground,” though no record exists of such explosions but that written by the eruptive 
force upon the face of the territory subject to its ravages. The Roman plain is one of 
these districts. Nowhere east of the Apennines, or in the central range, is any trace 
discoverable of volcanic eruptions, except along a line drawn eastwards from Campania 
to Horace’s Mount Vultur — a conical hill of lava and tuff, from whose sides issue car- 
bonic acid and sulphuretted hydrogen. But a great part of the Campagna of Rome is, in 
one sense or another, a volcanic formation, a fact which illustrates some of the traditions 
of the Eternal City. Westphal and Hoffmann have minutely examined the geology of 
the Roman plain, from whose memoirs upon the subject the following account of the 
changes that have transpired is condensed. At a time when the sea washed the sides of 
the Sabine and Volscian mountains, and the plain lay deep beneath the waters of the 
ocean, it was thrown into disorder by the breaking out of numerous volcanoes. One of 
the principal centres of disturbance was at the northern extremity in the Ciminian Hills, 
where a chain of volcanic heights now appear, among which Monte Soriano has an eleva- 
tion of 4000 feet above the level of the sea, and is covered with currents of trachytic 
lava. The Alban Mount was another centre in the southern quarter, from which a great 
stream of lava may be traced for rather more than eight miles, ending near the tomb of 
Cecilia Metella, and was largely used by the old Romans as material for paving their 
roads. Both centres discharged a prodigious quantity of ashes and scori®, which by long 
deposition beneath the waters became agglutinated into the. earthy rock called tuff, of 
which several varieties are frequent in large masses about Rome. The catacombs are 
excavated in the tufa granulare,” a soft, dark-coloured, granular sort, which furnishes 
the Roman cement of commerce. In the “tufa lithoides”-— a more compact rock — the 
cavities were quarried, which were afterwards the prisons of the Capitol. The Seven 
Hills are composed of these volcanic products, resting upon marine alluvial deposits. In 
that of the Capitol, upon a bed of sand and clay — the uppermost marine formation — 
there is granular tufa ten feet in thickness, and about a hundred feet of lithoid tuff over 
it, rising to the summit. The Palatine, Yiminal, Quirinal, and Pincian hills are chiefly 
composed of granular tuff, which appears mixed with the lithoid in the Esquiline, 
Cmlian, and Aventine. For a long period after the volcanoes began to play, the sea must 
have rested upon the plain, to allow of the formation of these tufaceous beds beneath its 
waters, derived from the ashes and scori®, and now overlying the alluvial marine strata. 
At length the fires died away ; the waves withdrew, through the land rising suddenly or 
by degrees ; a series of lakes remained, gradually drained by the Tiber and the Anio as 
they scooped out their channels ; the Latins came down from the Apennines ; and Rome 
arose to become for a season the mistress of the world. Of these physical changes we 
have an enduring memorial graven, as with a pen of iron, upon the Campagna. Its lava 
currents, its tufaceous masses, and its crateriform mountains, proclaim the occurrence 
here of unwritten catastrophes. 

Equally significant are the appearances presented by a district in the southern part of 
Central France, more than forty miles in length and twenty in breadth, which was for- 
merly comprised in the provinces of Auvergne and Languedoc. Here are found unques- 
tionable evidences of long-extinguished subterranean fires, in more than two hundred 
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cones, craters, volcanic hills and mountains, which have discharged their red-hot streams 
of lava, and showers of ashes, at some former period of the history of the globe, the anti- 
quity of which, the application of thousands of years will go but a little way to measure. 
This district has been attentively examined by Mr. Bakewell and Mr. Poulett Scrope, 
whose memoirs upon it are full of interesting and striking facts to the physical inquirer. 
It was not till the year 1751 that the existence of this volcanic region was known, when 
M. Guettard and a companion naturalist, returning from Vesuvius, stopped to botanise 
upon the mountains in Auvergne, and were surprised at the resemblance they bore to the 
Italian volcano, and at the similarity of the lavas and minerals in both. The valley of 
Clermont exhibits a series of fresh-water limestone strata upon a substratum of granite, 
which appear in the surrounding hills interposed between the granite and volcanic rocks ; 
but, ascending towards the west, all traces of the limestone disappear, and the volcanic 
roc.ks rest immediately upon an elevated granitic plain. From this plain a number of 
conical and dome-shaped mountains rise, the highest of which — the Puy de Dome — 
celebrated by the barometrical experiments of Pascal, ascends 3451 feet above the town 
of Clermont, and 4797 feet above the level of the sea. Some of the mountains preserve 
the forms of well-defined craters, from which currents of lava may be traced descending 
into the present valleys. The crater of the Puy de Pariou, 3800 feet above the level of 
the sea, is as perfect as that of any recent volcano, and from it, or from the danks of the 
mountain, a lava current has streamed, now lying upon the plain, from thirty to sixty feet 
thick, covered with scorias and basaltic lava. All the accompaniments of volcanic action, 
with the exception of the phenomenon of an actual eruption, are found in Auvergne in as 
perfect a manner as at Etna and Vesuvius, in the Lipari Islands and Iceland ; and the 
interposition of stratified formations among the volcanic products show different and 
distinct periods separating the eruptions from each other. The lavas have been cut by 
the action of rivers, which have not only exposed the columnar basalt which now forms 
the precipitous walls of their channels, but have eaten their way into the granitic rock 
beneath, these excavations having of course been executed subsequent to the eruptions 
which poured the fiery floods into the valleys. “ Yet when did these fires burn ? When 
took place this amazing combination of volcanic eruptions and their terrible accompani- 
ments? How long ago was the last of them? And by what interval of time could we 
ascend, from that last, to the earlier eruptions, and to the earliest — of the astounding 
number ? ” It is certain that we must go by several thousands of years at least to arrive 
at the era of the last disturbance. 

The general history of Europe contains no record of any volcanic eruption in Auvergne, 
nor does any thing occur in any rhyme or legend of the monkish chroniclers from which 
it might be inferred. Some, indeed, have deemed it not improbable that in a thinly 
inhabited country like that of the mountain parts of this province, the volcanoes might 
have been in action after the fall of the western empire, without being noticed or known 
by the historians of the barbarous ages, when men were too earnestly engaged in 
destroying each other, or in providing for their own safety, to bestow much thought on 
natural phenomena. But this supposition will not bear examination, for monastic pens 
were busy enough at the time in question ; and to surmise the occurrence of such physical 
convulsions in the heart of Gaul, without the rumour of them gaining a wide circulation, 
and long surviving in the traditions of the locality, is obviously extravagant. Gt>ing 
farther back, we find Caesar encamped at Gerzovia in this very district during his Gallic 
wars ; yet, though his Commentaries show that he surveyed the country with a careful eye, 
he mentions no volcanic outbreaks, nor records any tradition picked up in the neighbour- 
hood of such events having formerly occurred. But the water-worn lavas conduct us 
much farther back into the past. It requires a long period for the action of a river to cut 
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into a hard rock to any extent ; yet the beds of basalt in the district have in several 
places been corroded by the streams to the depth of from 150 to 160 feet, and the 
underlying granite rocks have been penetrated. The production of effects of this 
magnitude, by a cause which is so slow in its operation, requires an amount of time, in 
comparison with which the historic period is a trifling span ; and hence it follows that 
the volcanic fires which discharged the liquid masses of these various lavas belong to an 
era inealculably remote. “ Such analogies,” says Dr. Smith, “ as may be inferred by 
comparative examinations of tlie condition of Etna, Vesuvius, and other active volcanoes, 
carry us to the contemplation of a period which runs back, not to the age of Noah merely, 
but immeasurably beyond the date of the creation of man, and his contemporary plants 
and animals.” The geological state of Auvergne, in several respects to which we have 
not adverted, fully warrants the use of this language. Another important and interesting 
inquiry has been proposed, — Whether the volcanic fires that once raged in this district are 
absolutely extinct, or have periods of returning activity at distant intervals of time ? In 
reply, it can only be stated, that at Guadaloupe, in Tenerifte, the Azores, and the Grecian 
archipelago, volcanic eruptions have been renewed after a cessation of from one to four 
centuries. Vesuvius also, for four centuries, from the twelfth to the sixteenth, was in a 
state of repose, so that a forest of chestnut trees was growing in the crater prior to the 
great outbreak of 1531 ; but previous to the first recorded instance of its activity in 79, 
it had certainly been idle for at least seven or eight hundred years, and perhaps for a 
much longer period. These intervals are however so short when compared with that 
which has intervened since Auvergne began to repose, that obviously they supply no 
data upon which a conjecture of renewed disturbance can be built. There are springs of 
hot water in the district, as Mount d’Or and Vichy, where the temperature is from 120° 
to 125°, which indicate a subterranean source of heat : yet, apart from the extant memorials 
of volcanic action, nothing can be inferred from the indication, as it is common to localities 
where those memorials are not found. 

A third site, displaying remarkable monuments of volcanic combustion in past ages, 
may be briefly noticed. This is the region of ancient Sardis and Philadelphia, in the 
west of Asia Minor, which Strabo has called “the burnt,” fj KaraKeicavftirfj, Cones of 
scoriae of different ages, lava-flowings forming plateaux upon the summits of isolated hills, 
and lava currents worn through by the action of running water, are here the monuments 
of successive eruptions, between which long intervals have occurred, the last of which 
cannot have transpired for at least three thousand years, otherwise history would have 
preserved some record of it. Mr. Hamilton has sketched some of the principal features 
of the Catecucaumene, or burnt-up region of the geographer, as seen from a neighbouring 
ridge. “ Beginning with the north, on our extreme right was the barren termination of 
the ridge on which we stood ; to the west of which a black and dome-shaped hill of 8Cori«x^ 
and ashes rose about 500 feet above the plain. This was the Karedevlit, or Black Inkstand, 
the volcano of Koula — so near to us that none of the effects of its wild and rugged 
character were lost, and so steep that to ascend its slope of cinders appeared impossible. 
In front of us a black and rugged stream of lava extended from right to left, the surface 
of which, broken up into a thousand forms, looked like the breakers of a sea converted 
into stone amidst the fury of a gale, and forming, as it issued from the base of the cone, 
a striking contrast with the rich plain through which it seemed to flow. Beyond, to the 
N.W., were other volcanic cones, which, from their smooth and cultivated appearance, 
the vineyards reaching to their summits, must have belonged to a much older period. 
Further to the left was the town of Koula itself, with its tall and graceful minarets 
rising above the lava, on the southern point of which it has been built.” The Kare- 
devlit referred to, and two other cones, answer precisely to the three funnels, rptlc ^virat, 
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spoken of Strabo as distinguishing the geography of Lydia, about forty stadia, or five 
milesi apart ; but we may infer the inaction of the volcanoes in his time, and for a long 
period before, or otherwise the fact would have been known and recorded. From the foot 
of each of the cones, a flood of rugged black vesicular lava has streamed, encircling their 
bases, and flowing down the inclined face of the country towards the bed of the Hermus. 
In the same region there are upwards of thirty other cones, of a more ancient date than 
the preceding, as their surfaces show a long course of smoothing from atmospheric influence 
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and aqueous action, whereas the. dark and cindery sides of the former arc rough and 
undecomposed. From the silence of history, the age of thirty centuries is at least due to 
the more recent cones, and a greater antiquity belongs to the rest. Thus the Catecu- 
caumenc bears silent testimony to physical changes in the remote past, and yet it proclaims 
the uniformity of these causes of disturbance to which our planet for ages has been 
subject. 

The action of earthquakes, to which we now glance, is a far more potent cause of 
change in the condition of the terrestrial superficies than that of volcanoes, and far more 
tremendous to the human race, affecting those level sites upon which they congregate, and 
often transpiring without a warning. The volcano generally gives preparatory signals of 
an eruption, by denser columns of smoke issuing from the crater, and loud rumbling 
sounds proceeding from the interior ; its immediate efiects are commonly confined either 
to the mountain itself, or to a scanty urea ai’ound it : but in the case of an earthquake, the 
suddenness of the crisis, the extent of its influence, and the nature of the event — the very 
ground rocking beneath the feet of its inhabitants — render the visitation the most 
formidable physical source of peril with which our species have to contend. Both 
phenomena have unquestionably a common origin, and hence in countries where active 
volcanoes exist, the people are in expectation of an earthquake, if the former, which 
operate as a kind of safety-valve, remain long in complete repose. The Creoles of South 
America distinguish two kinds of earthquakes by the terms tremhlores and terremotos. 
The tremhlores are slight tremors of the ground, which effect no derangement of the 
surface, are in some districts of daily occurrence, and transpire with perfect security to 



INTERIOR LAND CHANGES. 


431 


life and property. The terremotos, on the contrary, indicate violent horizontal oscillations 
similar to the wave-movements of the sea, or perpendicular upliftings, as if a power was 
operating upon the roof of a cavern from the interior, struggling to force it open, and 
dash it away in fragments with everything upon it. By these last forms of the earth- 
quake, buildings are levelled, cities become heaps of ruins, fissures in the ground are 
opened, rocks are split, lakes arc formed, streams receive a new direction, springs are 
stopped to gush out in fresh sites, and the general level of considerable regions is sometimes 
depressed or elevated. Such are the features which enter into these natural convulsions, 
either in combination, or in a more partial manner. 

The influence of an earthquake of more than ordinary severity extends to an immense 
distance from the central seat of action. That which occurred in Chili, in the year 1835, 
was felt at all places between the parallels of 27° and 40° through thirteen degrees of 
latitude, approximating to a thousand miles, and through ten degrees of longitude. The 
most recent formidable earthquake in Europe, that of which Lisbon was the focus in 1755, 
was experienced at very remote points of the continent. It turned some of the rivers in 
Switzerland suddenly muddy without any rain, plainly showing a disturbance of their 
bed, and at Neufchatel the lake swelled to the height of nearly two feet above its usual 
level. At Portsmouth, a ship in dock and well secured, the Gosport, was pitched 
backwards and forwards several times by the sudden and violent motion of the water. In 
the moat around Shirburn Castle in Oxfordshire, there was a regular flux and reflux of the 
water produced. Two miners at work in one of the lead mines at Eyam in Derbyshire, 
at a depth of more than six hundred feet, noticed the vibration of the earth, which caused 
some loose pieces of material to drop from the roof and sides of the mine. The lakes of 
Scotland and Norway, the canals at the Hague, and the springs of Toplitz in Bohemia, 
gave sensible indications of participating in the catastrophe, which suddenly, after the 
sun had risen in a serene sky over Portugal, half annihilated the capital, and left signal 
instances of physical change in that part of the peninsula ns monuments of its terrific 
energy. Extensive, however, as the area through which a severe shock exerts its influence, 
its more destructive ravages are confined wdthin a comparatively narrow range, which 
may be called the centre of disturbance, though sometimes there seem to be several foci. 

Humboldt, in the narrative of his journey to the equinoctial regions of the New 
Continent, has recorded all that could be learnt respecting the earthquake of the 26th of 
March 1812, which destroyed the city of Caraccas, with twemty thousand inhabitants of 
the province of Venezuela. An abridgment of this account, will not only illustrate 
the human disasters common on such occasions, but the vast area shaken by the 
subterranean commotions, indicating a common agency exerted at a great depth in the 
interior of the globe, and bearing with fatal energy upon particular points. Drought was 
prevalent through the province of Venezuela at the time, and not a drop of rain had fallen 
for five months around the capital. The day of its destruction broke with a calm air and 
a cloudless sky, and became excessively hot. It was Holy Thursday, and the population 
gathered to the churches as usual on the festival. Not any token of danger appeared, 
till seven minutes after four in the afternoon, when a commotion was felt sufficiently 
strong to make the bells of the churches ring. The ground continued in a state of 
undulation, heaving like a fluid under ebullition, till a noise was heard louder and more 
prolonged than the thunder of the fiercest tropical storm, when the undulations became 
more violent, and proceeding from opposite directions, and crossing each other, Caraccas 
was overthrown. Subsidences occurred at the churches of the Trinity and Alta Gracia, 
and the barracks called El Quartet de San Carlos almost entirely disappeared by the 
sinking of the ground. The night of Holy Thursday presented a distressing scene of 
desolation and sorrow, which contrasted sadly with the beautiful aspect which nature 
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speedily resumed. The thick clouds of dust which rose from the ruins and darkened the 
air, had fallen to the ground. The shocks had ceased. Never was there a iiner or a 
quieter night. The rounded summits of the Silla mountain were illuminated by the 
moon, nearly at the full, and the serenity of the heavens seemed to mock the disturbed 
state of the earth, where under a heap of ruins lay nearly ten thousand of the inhabitants 
of Caraccas. “ In this city,” says Humboldt, “ was now repeated what had taken place 
in the province of Quito, after the dreadful earthquake of the 4th of February 1797. 
Marriages were contracted between persons who for many years had neglected to sanction 
their union by the sacerdotal blessing. Children found parents in persons who had till 
then disavowed them; restitution was promised by individuals who had never been 
accused of theft; and families who had long been at enmity, drew together from the 
feeling of a common evil.” Caraccas was at this period one of the foci of subterranean 
commotions, which from the beginning of 1811 to 1813 operated on a vast extent of the 
earth's surface, an area limited by the meridian of the Azores, the valley of the Ohio, and 
the cordilleras of New Grenada. The shocks fatal to the city were sensibly felt at Honda 
on the banks of the Magdalena, 620 miles distant. Large masses of earth fell in the 
mountains, and enormous rocks were detached from the Silla. The lake of Maracaybo 
underwent considerable diminution, but at Yalecillo, the ground opened, and emitted so 
great a mass of water, that a new torrent was formed, the same phenomenon taking place 
near Porto Cabello. In all parts the disturbance was more violent in the cordilleras of 
gneiss and mica-slate, or immediately at their base, than in the plains. 

A personal examination was made by Dolomieu and Sir William Hamilton of the 
surface of the Calabrias after the earthquakes which continued from the beginning of 1783 
to the close of 1786, and their survey illustrates the superficial changes produced by the 
action of such events. Those provinces have been subject to such visitations since the 
first Greek colonists landed upon their shores, but the most terrible instances in modern 
times occurred in 1633 and 1783, in the latter of which Sicily largely participated. The 
soil of the mainland is chiefly composed of moilern marine strata, immensely thick, 
generally of calcareous clay, of a very yielding nature, which was greatly disturbed, and 
assumed a variety of new forms, under control of the irresistible force acting upon it. 



Fitturet at Polittena. 


The earth exhibited a variety of motions, called in the Italian accounts vorticoso, orizon~ 
talcy and oscUlatoriOf whirling like a vortex, horizontal, or by pulsations or beatings from 
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the bottom upwards. Valleys underwent extensive and striking alterations through the 
precipitation into them of masses from the neighbouring hills. Fissures, radiating from 
a central point, or single horizontal openings of the ground, appeared in various [daces; 

as at Polistena, where the ground was rent asunder to 
a great length and depth. A permanent chasm in the 
district of Rosiano was a mile long, upwards of a hundred 
feet broad, and thirty deep. Some of these fissures, after 
swallowing up houses and men, closed and opened again, 
so that property was recovered, and the victims of the 
catastrophe were restored to the rites of burial. The most 
singular landslip occurred near Seminaria, where a large 

olive-ground descended 
from the heights into 
the valley, retaining its 
compactness, a house 
upon it standing firm, 
and the olives continued 
to grow in their new 
situation, bearing an 
abundant crop the same 
year. In the plains, a 
considerable number of 
circular funnel-shaped 
hollows were formed, 
filled with water or sand, a consequence of the vorticose or whirling motion of the earth. 
These are a sample of the effects in one region, of a cause, to the influence of which a 
vast area of the globe is exposed. We are presented with a cofitinued series of such 
operations from the earliest times of which we have any knowledge, and hence the fact 
is sufficiently obvious, that the aggregate has largely altered tlie j)hy8ical condition of the 
globe, though we cannot estimate the amount of tlie change. The ancients were not 
much addicted to physical inquiry ; they contented tluimselves with general allusions in 
their writings to natural phenomena; yet we learn enough from these slight notices 
to know that, in their day, “ Vulcan’s habitation ” was rife with “ terrific flashes,” with 
“ noise and terror ; ” 

Vulcani domus-— 

Fiilgores tvrriHcos, sonitumque mctumque: — 



Circular Hollowi at Pulistena. 


and, brief as is the reference of Thucydides to the earthquake at Eubcea, writing four 
centuries before Christ, the leading features of the account will apply to that at Lisbon, 
or Messina, twenty-one centuries afterwards. 

We are left entirely to hypothesis as to the cause of earthquakes and volcanic eruptions, 
but of the oneness of that cause no doubt remains. The theory first started by Sir 
Humphrey Davy, suggested by his discovery of the metallic bases of the earths and 
alkalis, and since elaborated by Dr. Daubeny, has found very general acceptance. 
According to this hypothesis, which is that of Subterranean Oxidation, the earth is* 
supposed to contain in its interior, at a great depth and in sufiicient quantity, the earthy 
and alkaline metalloids, iron, sulphur, and sulphuretted salts. These are substances 
which combine with oxygen with avidity, a high temperature and strong inflammation 
being the result of the combination. A supply of water reaching the interior of the earth, 
becomes decomposed by contact with the metalloids, and yields its oxygen to them, 

occasioning the phenomena of combustion and explosion, which may be imitated upon a 

F F 
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smidl scale, by burying in the ground a moistened mixture of sulphur and iron filings, 
when the mass becomes gradually heated, takes fire, and explodes. The lava which 
fiowB out to the surface in volcanic eruptions, or is driven up in dust and scorise, is owing 
to the violent extrication, through a vent, of the steam which has been generated, 
accumulated, and confined, the oscillations and hearings of the ground in earthquakes 
being produced by the action of elastic vapours and gases endeavouring to effect their 

escape by a rending of the strata. Such 
is the hypothesis. It requires the metal- 
loids to exist in the interior of the earth, 
and the admission of water in sufficient 
abundance to them, a condition which may 
be conceded, with strong probabilities in 
its favour. It has been considered an 
evidence supporting this theory, that 
nearly all active volcanoes are situated 
near the sea, or in ranges of mountains 
which approach it at certain points, while 
coast situations have been the foci of the 
most terrible modern earthquakes, as those 
of Lima, Lisbon, Messina, and Caraccas. 
The extinct volcanoes of Auvergne and 
the Catecucaumene arc indeed apart from the present ocean, and this is true of several 
sites of former volcanic action ; but in those ancient times, when ** fire and vapour of 
smoke” marked the panorama, the relative distribution of land and sea in those localities 
might be different to what it is at present. 

It is difficult to form just views of events occasioning such calamities to the human race 
as the reduction to instability of the before fixed and firm foundations of the globe. When 
in a few passing seconds peaceful homes become the sepulchres of their inhabitants, and 
the roof that long has sheltered them from inclement elements is the engine of their 
destruction — when scenes verdant through the industry of man are converted into 
frightful desolations, and cities fall, involving youth, beauty, and innocence in indiscriminate 
ruin with proficient and inveterate vice — men are prone to reflections questioning the 
goodness and fitness of things, challenging the arrangements of the Creator in the scheme 
of the creation. Yet in most cases this is the offspring of a miserable selfishness ; for 
the same parties will gloat over a battle in which their nation has been victorious, though 
destructive to more than ever perished by any one natural visitation of earthquake, 
volcano, or pestilence ; the human action, at the same time, involving a deep moral guilt 
which belongs not to the physical phenomena. It may be well to recollect, in relation to 
these paroxysms of nature, that science and philosophy step in, and suggest relieving 
considerations. They unfold the long antiquity of the earth, teach us to contemplate it 
in connection with an era compared to which an age is a span, and unfold the tendency 
of those milder agencies which are in incessant action upon it, and which, though slow 
workers, would effect extensive and disastrous changes in the succession of centuries, if 
there was no counteraction to them. Inequalities of the surface eminently adapt the 
globe to be the residence of man during his threescore years and ten, and of the myriads 
of different races of beings that inhabit it. But the waste of the elevated dry land is a 
gradual yet sure effect produced by the atmospheric and aqueous causes that constantly 
act upon it. These, without an antagonist power, would, in time, reduce the inequalities 
of alluvial countries nearly to a uniform level, bring the habitable part of our planet down 
to the ocean line, and convert scenes of fertility and busy life into vast lagunes and 
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I marshes, which only inferior orders of animals can occupy. The antagonist power is the 
' subterranean upheaving agency — a rare visitant — often at rest for ages —and then 
counteracting in the twinkling of an eye the effect of the rains, rills, torrents, rivers, 
atmosphere, and seas, that have been preying upon the soil. 


CHAPTKR XIII. 


THE ATMOSPHERE AND ITS CURRENTS. 


constitution of our globe, that a gaseous envelope 
environs its mass — the atmosphere — which re- 
quires the attention of the astronomer, on ac- 
. *(■ - count of its influence in displacing the celestial 

^ - ^ bodies, and contributing to their visibility by re- 

i fracting and reflecting the rays of light. Tliis 
i !- V elastic fluid is the scene of iutcresting plumomcna, 

‘ tiod performs important functions in tlie economy 

- # . of nature. Resides being essiuitial to the life of man, and the 

■ animal races, whose existence would terminate in a few 
minutes without the respiration of it; — the exhalation of 
moisture from the surface of the (^arth is mainly owing to 
^ common air we breathe, which nscedves and sustains the 

vapours formed into clouds, distributes them over different 
regions by its incessant motions, and tempers by its currents 
those extremes of heat and cold to which various localities 
are subject. It is in these last-named ofliccs that the 
atmosphere demands the notice of the jdiysical geographer. The consideration of its 
actual constitution does not belong to his province, but a general view of the fluid 
may be appropriate before we proceed to those agitations and changes which are in 
constant action, and upon which the welfare of organised beings so materially depends. 

The atmosphere is, then, an integral portion of the earth, a body of air revolving with 
the solid mass upon its axis, the higher strata, of course, increasing in velocity with the 
distance from the axis of revolution. From hence a conclusion may be drawn respecting 
its height, for an absolute limit is put to its elevation by this feature of its physical 
condition. There is a point where the centrifugal force, or the tendency to fly off from 
the centre, will counterbalance the centripetal, or the gravitation towards the centre, and 
beyond that point the latter will be vanquished. It is obvious that no portion of the 
atmosphere can extend beyond the point where the two influences balance, or are in 
equilibrium, and the projectile force becomes greater than that of gravitation, or its pro- 
jection into space would follow. At the distance of 6*6 radii from the centre of the earth, 
or at an elevation of 22,200 miles, about the eleventh part the distance of the moon, this 
point is fixed, beyond which it is impossible for the atmosphere in the smallest quantity 
to extend. This consideration is only of importance to show that physical laws rigidly 
restrict it within finite bounds, for any portion of air at that distance must have a tenuity 
which is utterly inconceivable. The indications of the height of the atmosphere drawn 
from its weight, as shown by the barometer, reduce its elevation within a vastly circum* 


T has been mentioned as a part of the planetary 
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scribe limit. A column of the whole circumambient air is nearly equal in weight to a 
similar column of mercury of thirty inches, or of water of thirty-four feet, which would 
give it an devation of but 27,000 feet, or rather under five miles, if its density were 
uniform. But the elasticity of the air causes it to expand with the diminution of its own 
pressure, which becomes less at every step from the surface of the earth ; and owing to 
this expansion we must place the limit to its height at a far greater distance than that 
suggested by the simple barometrical measurement of its weight. A pretty common 
opinion prevails that its extreme boundary does not exceed forty or fifty miles, and we 
have sensible evidence on the high lands of the globe, that for all the purposes serviceable 
to vegetable and animal life, the atmospheric zone is of very contracted elevation. It is 
a well-known property of the air that the temperature diminishes with its height, a 
circumstance referable to the general physical law, that as the density of gases decreases 
they acquire an increased capacity for heat. The higher, therefore, a body ascends in 
the atmosphere, the greater is the quantity of heat abstracted from it, the surrounding 
fluid becoming more rare. Hence the perpetual snow, and the piles of glaciers, that 
crown the summits of mountains, at whose base the orange and the citron bloom, and man 
pants in the fierce sultriness of a torrid climate. 

But while the atmosphere may be considered generally as an aerial zone of the earth, 
the companion of the massy spheroid in its annual revolution round the sun, and rotating 
with it upon its axis, it has independent movements which present very complex pheno- 
mena, however clear the causes which put them in operation. The particles of air are 
constantly sufiTering displacement, and it is easy to conceive of various circumstances 
disturbing the dilatable and elastic fluid in which we live. A body in movement will 
communicate its motion to the adjoining particles, which may be sensibly propagated by 
them to a considerable distance ; but this cause operates so slightly in the production of 
atmospheric currents that it might be entirely overlooked. It will be sufficient to state 
that some of the vast oceanic streams are supposed to produce a corresponding flow in the 
air. The varying attractions of the sun, moon, and planets on the atmosphere, will 
occasion tides in it analogous to those of the ocean, or an alteration in the heights of 
vertical columns of air, winds and currents arising from the resulting inequalities of 
horizontal pressure ; but La Place has proved the action of this cause to be scarcely 
appreciable. The atmospheric agitations of which we arc sensible, both the more violent 
and gentle, appear to proceed either from a change in the temperature of a portion of 
the air, or from a change in the quantity of water which it holds in a state of vapour. 
In both these cases a temporary destruction of the equilibrium subsisting between 
difierent parts of the atmosphere is produced, and its particles are set in motion to restore 
the balance. The effect of heat upon a volume of air is to rarefy and expand, to increase 
its bulk and diminish its density. When any portion, therefore, of the earth’s surface is 
more heated than the surrounding districts, the air there ascends and flows over the 
acyoining cooler and denser strata, causing an upper outward current, while the colder 
and denser fluid rushes towards the spot where the balance has been lost by expansion, 
and a lower inward current is produced. An easy experiment will illustrate this inter- 
change. In a room wanned by a good fire, if a candle be held at the crevice between the 
door and the floor, an inward current will be observed from the exterior colder air, but 
near the ceiling, by the same means, an outward flow will be detected. In the other 
condition an addition of vapour to the atmosphere gives rise to a wind blowing on all 
sides away from the district of evaporation, while an abstraction of it by showers creates 
a partial vacuum, towards which the air rushes from all points of the compass. The 
diversity of the winds in power is principally owing to the different degrees of vigour 
with wliich these causes act. 
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The currents of the atmosphere display an endless variety in their velocity and force, 
from the aepbyr which scarcely stirs the leaves of the forest, to the gale under which its 
mightiest branches bend, and the hurricane which tears up its trees by the roots, and 
destroys the habitations of mankind. It has been observed that in the temperate zones 
the most violent winds occur, when neither the heat nor the cold common to such localities 
is at its maximum — that they generally extend over a considerable tract of country — 
and are accompanied by sudden and great falls in the mercury of the barometer. The 
latter circumstance attends the storms of the tropics, but they are often confined within 
narrower limits than the extra-tropical hurricanes. It was noticed by the superstitious 
as a coincidence, not without meaning, that at the time of CromwelFs death the enchained 
winds were liberated, and went forth raving and howling through tlie land, uprooting tlie 
largest trees, and whirling them about like straws, and toppling down chimneys and 
turrets ; but the same tempest, at the self-same hour, dashed the vessels of the Baltic sea- 
men upon the strand, and buried Venetian argosies in the Adriatic, shivered the pines of 
Norway, and swept before it the cypresses of the Bosphorus — • a similar war of the 
elements attending the termination of the earthly career of Cardinal Wolsey, Buonaparte, 
and George IV. Sometimes the upper regions of the atmosphere liave been remarkably 
agitated, while the lower stratum of the air has been quite calm. Lunardi, on one 
occasion, travelled at the rate of seventy miles an hour in his balloon, while at Edinburgh, 
where he ascended, the air was quite tranquil, and continued so throughout liis expedition. 
To ascertain the velocity an<l force of winds, a variety of experiments have been conducted 
with instruments constructed for the purpose. The following table contains some results 
obtained by Smeaton, inserted in a volume of the Philosophical Transactions : — 

Velocity of the Wind. 


Milc« per Hour. 

Feet per Second. 

FerpcMxIicnlar P’orce on one S<iu«re Fool, 
in Avoirdupois INiunds unu Fartti. 

CliurncturiiiticB. 

1 

1-47 

-005 

Ilarilly perceptible. 

2 

3 

2 •93 

4-4 

-020 
-044 J 


Just perceptible. 

4 

5 

5 -87 

7 *33 

-079 
*123 I 


Gentle, ))leii8ant wind. 

10 

14-67 

*492 1 


brisk wind. 

15 

22 

1-107 ) 

20 

25 

29 -.34 
36-37 

1 -968 ■ 
3-075 


Very brisk wind. 

SO 

35 

44-01 

51*34 

4 *429 
6-027 


High wind. 

40 

45 

58-68 

66-01 

7-873 t 

9-963 S 

Very high wind. 

50 

73-35 

12-300 

Sturm. 

00 

88-02 

17-715 

Great storm. 

80 

117-36 

31 -490 

Hurricane. 

100 

147-7 

49-200 

Hurricane currying trees and 




buildings l)efore it. 


The currents of the atmosphere far surpass in velocity those of the rivers and the 
ocean, a gentle pleasant wind blowing at a rate equal to that of the mighty Father of 
Waters when in flood, but a hurricane will outstrip the swiftest locomotive in its speed. 
In speaking of the direction of currents of air and water, the indicating terms are 
employed in an inverse sense, an easterly wind signifying a breeze coining from that 
qiiarter, an easterly stream a flow of water towards it. Winds may he divided into three 
classes or genera, the Permanent, the Periodical, and the Variable ; of which, the first 
excepted, there are many different species. We shall prefer, however, to consider them 
under their local recognised titles. 
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A Culm at Sea. 


1 Trade winds. These are permanent, following the same direction throughout the 
jear. They arc met with between the tropics, and a few degrees to the north and south 
of those limits. The well-known name applied to them is a phrase of doubtful origin, 
but probably derived from the facilities afforded to trade and commerce by their constant 
prevalence and generally uniform course, though Hakluyt speaks of the “ wind blowing 
trade,” meaning a regular tread or track. The parallels of 28® north and south latitude 
mark the medium external limits of the trade winds, between which, wdth some variations, 
their direction is from the north-east, north of the equator, and from the south-east, on 
the other side of the line, hence called the north-east and south-east trades. They are 
separated from each other by the region of calms, in wliich a thick foggy air prevails, 
with frequent sudden and transient rains attended by thunder and lightning. This region, 
in the Atlantic, extends across the whole ocean from the coasts of Africa to those of 
America, but its position shifts, being sometimes entirely north of the equator, and but 
rarely reaching one or two degrees south ; and hence it may be considered as belonging 
to the northern hemisphere. The region also varies in breadth from two and a half to 
ten degrees, but usually occupies a width of four or five. These variations are dependent 
upon the position of the sun, which has an influence likewise upon the strength, direction, 
and situation of the trade wdnds themselves. When the sun has a northern declination, 
and approaches the tropic of Cancer, tlie boundary line of the north-east trade wind 
extends to 32® north latitude, and the wind has a more easterly direction, but the parallel 
of 25® is its northern boundary, and the wind inclines more north when the sun is south 
of the equator, and approaches the tropic of Capricorn. At tliat season, the southern 
boundary of the south-east trade wind extends to 30® S. lat., and the whole ocean is swept 
by it between that line and about 1® N. lat. The general width of the south-east trade 
is about 9® greater than that of the north-east, the region of calms, as before stated, being 
almost wholly in the northern hemisphere. In the basin of the Atlantic, the zone of the 
trade winds becomes broader, and their direction more easterly, as the coast of America 
is approached, the breezes blowing to the very shore. This is not the case on the African 
side of the Atlantic, wliere, through a tract of sea extending from fifty to eighty miles off 
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shore, these winds are not found at all, but contrary westerly breezes prevail. The 
irregularity is easily explained. Owing to the rarefaction which the air undergoes over 
the great hot desert of the Sahara, the colder air from the contiguous sea rushes in to 
supply the partial vacuum created, and keep up the equilibrium of the atmosphere, 
producing winds blowing towards the shore. 

In the Pacific Ocean, a similar zone is occupied by permanent north and south-easterly 
breezes, or trade winds, though sulyect to a variety of interruptions. An instance of 
irregularity occurs along the coasts of Peru and Chili, where the general direction of the 
wind is south, and a steady south-easterly wind is only experienced at the distance of five 
or six hundred miles from the shore. The numerous shoals and islands which are found 
in the Pacific, prevent uniformity in the tropical movements of the atmosphere. That 
intelligent hydrographer Captain Horsburgh has observed, that where shoal coral banks 
shoot up out of the deep water in many places between the tropics, a decrease of the 
prevailing wind is frequently experienced ; for when a steady wind is blowing over the 
surface of the deep water, no sooner does a ship get upon the verge of a shoal coral bank, 
than a sudden decrease of the wind is often perceived. This he supposes to be occasioned 
by the atmosphere over these banks being less rarefied by the increased evaporation than 
that over the deep water, and consequently not requiring so great a supply of air to 
restore the equilibrium as the circumjacent parts, which arc more rarefied and heated. It 
would undoubtedly be the case, if the earth were entirely covered with a mantle of water 
of uniform depth, that the trade winds would everywhere prevail, throughout a zone, 
bounded by the parallels of from 2d° to 32° on each side of th(5 equator. But the large 
masses of land of uneven surface which occur between the tropics, and the consequent 
inequalities of temperature, check the tendency of the intertropical atmosphere to a 
regular course, introduce derangement in its moviunents, so that it is only in the great 
open seas that the trade winds are experienced. Still, it has been observed, that in some 
countries under and near the equator, constant easterly winds are found, which are no 
doubt identical in their cause with those that distinguish the equatorial regions of the 
ocean. They arc met with on lands which exhibit extensive level plains, where nothing 
occurs to obstruct their passage and alter their direction. Thus, along the immense low 
tract drained by the Amazon an easterly wind prevails, by the assistance of which, the 
voyager is enabled to ascend rapidly against the strong current of the river. This wind 
blows from the estuary of the Amazon, where it is moderate, to its sources at the foot of 
the Andes, where it has gathered such strength, that Humboldt ibund it difficult to make 
head against it. The plain traversed by the lower course of the Orinoco has a similar 
easterly breeze, but of less force. 

We owe the discovery of the trade winds to Columbus, and this would have been 
prominently connected with his name, had it not been sup[>lanted by the glory of a greater 
achievement, the revelation of a new world to the knowledge of mankind. The ancients 
were entirely unacquainted with these permanent breezes, and though maritime adventure 
had been largely prosecuted by the Portuguese at the instigation of Prince Henry, they 
had not penetrated into the region of the trades. Proceeding cautiously along the shores 
of Barbary, they had explored the coasts of Africa to Cape de Verde, rescued the Azore 
Islands from the “ oblivious emj)ire of the ocean,*’ and afterwards under Vasco di Gama 
doubled the Cape of Good Hope ; but these voyages carried them clear of the district of 
the north and south-east trade winds. But soon after leaving the Canaries in the Santa 
Maria, Columbus fell in with the former, which in the summer extend to the latitude of 
those islands, and, for the first time, a sail from the Old World swelled before the steady 
breath of the northern tropic. This circumstance, favourable to the success of his 
expedition, speedily excited the apprehensions of liis crew, who found themselves borne, 
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day after day, by a permanent breeze, farther from their native shores, and inferred the 
imposidbiHty of returning, as they observed no change in its direction. Fortunately for 
his fatne, and for the world, the great navigator firmly held on his course, reached the 
boimda of the before supposed illimitable ocean, and re-crossed it in the region of the 
variables, to the north of the northern trade wind. Now, in passing from the Canaries 
tb Cumana, on the north coast of South America, it is scarcely ever necessary to touch 
the sails of a ship ; and with equal facility the passage is made across the Pacific, from 
Acapulco, on the west coast of Mexico, to the Philippine Islands. If a channel were cut 
through the isthmus of Panama, the voyage to China would be remarkably facilitated 
by the trade winds of the Atlantic and Pacific Oceans, be more speedy, agreeable, and 
safe, than the usual route by the Cape, the chief interruption to its uniformity 
occurring in the Caribbean Sea and the Gulf of Mexico, where the trade wind blows 
impetuously, the sea is stoimy, and the sky grey and cloudy. 

The theory respecting the origin of the trade winds, adopted by Dr. Dalton, Professor 
Daniell, and Sir John Herschell, was first proposed by George Hadley, the brother of the 
inventor of the quadrant, and embodies features of the previous theories of Halley and 
Galileo, who both grapi)led with this great geographical phenomenon. It is founded 
upon the rarefaction of the atmosphere of the torrid zone by the powerful heat to which 
that region is subject, in connection with the different velocities of the earth’s surface, 
in different degrees of latitude, in the diurnal rotation. Heat rarefies and expands a 
volume of air in a ratio equivalent to an addition of about seventy feet to the ordinary 
height of the atmosphere for every degree of thermometrical measurement. As the sun 
is always vertical at some place within the tropics, the average temperature of the earth’s 
surface in that region, bounded by the parallels of 23^° on each side of the equator, is 
much higher than in latitudes to the north and south ; and the incumbent air acquiring 
this higher temperature, is thereby rarefied and expanded. The consequence is, that 
in obedience to liydrostatical laws, masses of air are continually buoyed up from the 
surface, or swelled round the torrid zone in the form of a i)rotuberant belt, the upper 
strata flowing over, and running off in streams north and soutli towards the poles, where, 
having been cooled and condensed, they descend, and flow over the surface towards the 
equator, pouring in a perpetual current of air to supply the place of that buoyed up by 
the heat of the tropics. Thus, there is a constant current in the higlier regions of the 
atmosphere, proceeding from the equator northward and southward to the poles ; and if 
the earth were at rest, there would be a constant wind in the lower regions of the 
atmosphere blowing directly from the poles to the equator, while in equatorial regions 
the two streamlets would meet and neutralise each other’s influence. But the earth is 
not at rest ! It is incessantly whirling upon its axis, the surface moving at a rate which 
varies according to the extent of the circumference. The velocity at the equator, where 
the circumference is the greatest, is about sixteen mile^ a minute ; at 30° of latitude, 
which is below the most southerly point of Europe, it is about fourteen miles in the same 
time; and at 45°, or about the centre of France, it is about eleven miles. As the 
distance from the equator increases, north and south, the rate of the rotation thus becomes 
less, because the circle of the earth’s circumference diminishes in extent. Now a current 
of air flowing from the north or south polar regions, and setting towards the equator, 
will encounter as it proceeds an increased rotatory motion eastward, the direction of the 
earth’s axical revolution, and, not acquiring the new velocity at once, it will be left 
behind, and seem to deflect towards the west just in proportion as it does not keep up 
with the earth to the east. Hence, what would simply be a north or south wind but for 
the earth’s rotatory motion, becomes a north-east and south-east wind as it approaches 
those regions where, the velocity of the globe being so much greater than where it 
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originated, it lags behind it in its easterly course. This is the exact path of the trade 
winds — breezes, with few exceptions, uniform in their direction, perpetual in their motion, 
and steady in their force — which wafted Columbus across the Atlantic, impelled the 
Portuguese from their southerly course and bore them to the Brazils, and have since been 
important auxiliaries to the communication of the eastern with the western continent. 

The existence of a current in the upper regions of the atmosphere counter to that 
below, assumed by the preceding theory, is not mere hypothesis. Clouds, though of rare 
occurrence in the district of the trade winds, have been observed to take a direction 
contrary to that which the surface breezes would have given them. A circumstance 
remarkably in favour of the counter-current inferred from theory, occurred in the year 
1812. TWe was then an eruption of the volcano of St. Vincent, one of the West India 
islands, which covered the island of Barbadoes with a quantity of the ashes and volcanic 
matter ejected. The trade wind here blows with great power, and it is certain that the 
volcanic ashes would have been conveyed in a direction from Barbadoes, instead of 
towards it, by its action. To account for their transportation thither, it is necessary to 
suppose, that the volcano ejected them to an elevation within reach of a superior stratum 
of air blowing contrary to the course of the inferior current. When Humboldt was 
upon the Peak of Teneriffe the west wind blew with such violence that he could scarcely 
stand, though the island below was under the influence of the ordinary north-east trade 
wind ; and the remark has often been made, that in the elevated parts of the Canary 
Islands a contrary wind has been experienced to that whicli has been prevailing over the 
general surface. 

All mariners and passengers have spoken with delight of the region of the trade winds, 
not only on account of the favouring gale, but its genial influence, the transparent atmo- 
sphere, the splendid sunsets, and the brilliancy of the unclouded heavens, day and night. 
Columbus, in recording his first voyage into their territory, compares the air, soft and 
refreshing without being cool, to that of the pure and balmy April mornings he had 
experienced in Andalusia, wanting but tlie song of the nightingale and the sight of the 
groves, to complete the fancy that he was sailing along the Guadalquivir. “ It is 
marvellous,” observes Las Casas, “the suavity which we experience when half way 
towards these Indies ; and the more the ships approach the lands so much more do they 
perceive the temperance and softness of the air, the clearness of the sky, and the amenity 
and fragrance sent forth from the groves and forests ; much more certainly than in April 
in Andalusia.” Humboldt lingers with pleasure, upon his first acquaintance with the 
tropical regions at sea, upon the mildness of the climate and the beauty of the southern 
sky, gradually opening new constellations to the view, stars contemplated from infancy 
progressively sinking and finally disappearing below the horizon, an unknown firmament 
unfolding its aspect, and scattered nebulae rivalling in splendour the milky way. “A 
traveller,” he states, “ has no need of being a botanist, to recognise the torrid zone, on the 
mere aspect of its vegetation ; and without having acquired any notions of astronomy, 
without any acquaintance with the celestial charts of Flamstead and De la Caille, he feels 
he is not in Europe, when he sees the immense constellation of the Ship, or the 
phosphorescent clouds of Magellan, arise on the horizon. We pass those latitudes, as if 
we were descending a river, and we might deem it no hazardous undertaking, if we made 
the voyage in an open boat. ” Mr. Bailey, in his Four Years in the West Indies, relates 
an adventure, nearly answering to that here referred to. The master of one of the small 
fishing smacks that ply along the coasts of Scotland, who had no other knowledge of 
navigation than that which enabled him to keep his dead reckoning, and to take the sun 
with his quadrant at noon-day, having heard that sugar was a very profitable cargo, 
determined, by way of speculation, upon a trip to St. Vincent, to bring a few hogsheads 
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of the commodity on his own account into the Scottish market. Accordingly, he freighted 
his vessel ; made sail; crossed the Bay of Biscay in a gale; got into the trade winds, and 
scudded before them, at the rate of seven knots an hour, trusting to his dead reckoning 
all the way. He spoke no vessel during the whole voyage ; and never once saw land 
until on the morning of the thirty -fifth day, when he descried St. Vincent’s right ahead, 
and running down, under a light breeze, along the windward coast of the island, came to 
anchor. The private signal of the little vessel was unknown to any of the merchants, 
and it immediately attracted notice. The natives were perfectly astonished — they had 
never heard of such a feat before ; and deemed it quite impossible that a mere fishing 
smack, worked only by four men, and commanded by an ignorant master, should plough 
the billows of the Atlantic, and reach the West Indies in safety — yet so it was. This 
relation justifies the title given by the Spaniards to the zone where the trade winds are 
constant, el Golpo de las Damas, the Sea of the Ladies, on account of the ease with 
which it may be navigated, the uniform temperature prevalent night and day, and its 
pacific aspect 

2. Monsoons* These are periodical winds, which sweep the northern part of the Indian 
Ocean, changing their direction after an interval of about six months, and hence the term 
Monsoon, the Anglicised form of the Persic mousum, or the Malay moossin^ signifying a 
season^ referring to their periodicity. Avoiding all minute detail, we shall merely give 
the range, direction, and duration of these singular, yet highly useful currents, and that 
in a very general way. From 3® south of the equator to the northern shores of the Indian 
Ocean, including the Arabian Sea, the Bay of Bengal, and the Chinese Sea, a south-west 
wind blows from April to October, and then a north-east wind sets in, and prevails 
through the next half year, from October to April. From 3® to 10® south of the equator 
a south-east wind blows from April to October, and a north-west during the suceeding six 
months. Without attending to local variations, these are the general phenomena. There 
is a south-west wind prevailing north of the equator from April to October, and southward 
of this, through a certain space, at the same season, a south-east wind. There is a north- 
east wind north of the equator from October to April, and coincidently, a north-west wind 
between 3® and 10® south of the line. The western boundary of the region of the 
monsoons is the African shore ; its eastern limit is supposed to be about the meridian of 
136® east longitude, which cuts the island of New Guinea; its northern confine is near 
the parallel of 27® north latitude, which intersects the Loo Choo islands ; its southern 
extremity has been already stated. The monsoons are much stronger than the trade 
winds, and may be called gales, but they arc by no means of uniform force, either as it 
respects themselves or each other, the same monsoon occasionally blowing with such 
violence that ships are obliged to reef their sails. It must not be imagined that these 
winds are confined to the ocean. They extend over the whole of Hindustan to the 
Himalaya, the north- east monsoon bringing copious rains to its eastern shores, and the 
south-west monsoon performing the same office for its western coast. 

The change of the monsoon — the periodical shifting of the wind — the most singular 
feature of the case, is a gradual process, usually occupying about a month, which reduces 
the reign of the two annual monsoons, north and south of the equator, to five months each, 
the remaining two months being spent in the transitions. In eacli interval of change, 
calms, light variable breezes, alternate with storms of tremendous violence. Mr. Gaunter 
thus describes the scene at Madras, in the interim between the cessation of one monsoon 
and the setting in of another: “On the 15th of October, the fiag-staff was struck, as a 
signal for all vessels to leave the roads, lest they should be overtaken by the monsoon. 
On that very morning some premonitory symptoms of the approaching ‘ war of elements ’ 
had appeared. As the house we occupied overlooked the beach, we could behold the 
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setting in of the monsoon in all its grand and terrific sublimity. The wind, with a force 
which nothing could resist, bent the tufted heads of the tall, slim cocoa-nut trees almost 
to the earth, flinging the light sand into the air in eddying vortices, until the rain had 
eitluT so increased its gravity, or beaten it into a mass, as to prevent the wind from 
raising it. The pale lightning streamed from the clouds in broad sheets of flame, which 
appeared to encircle the heavens as if every element had been converted into fire, and the 
world was on the eve of a general conflagration, whilst the peal, which instantly followed, 
was like the explosion of a gunpowder magazine. The heavens seemed to be one vast 
reservoir of flame, which was propelled from its voluminous bed by some invisible but 
omnipotent agency, and threatened to fling its fiery ruin upon every thing around. In 
some parts, however, of the pitchy vapour by which the skies were by this time completely 
overspread, the lightning was seen only occasionally to glimmer in faint streaks of light, 
as if struggling, but unable, to escape from its prison, igniting, but too weak to burst, the 
impervious bosoms of those capacious magazines in which it was at once engendered and 
pent up. So heavy and continuous was the rain, that scarcely anything, save those vivid 
bursts of light which nothing could arrest or resist, was perceptible through it The 
thunder was so painfully loud, that it frequently caused the ear to throb ; it seemed as if 
mines were momentarily springing in the heavens, and I could almost fancy that one of 
the sublimest fictions of heathen fable was realised at this moment before me, and that 1 
was hearing an assault of the Titans. The surf w as raised by the wind and scattered in 
thin billows of foam over the esplanade, wdnch w^as completely powdered with the white 
feathery spray. It extended several hundred yards from the beach ; fish, upwards of 
three inches long, were found upon the flat roofs of houses in the town during the 
prevalence of the monsoon, either blown from the sea by the violence of the gales, or 
taken up in the water-spouts, which are very prevalent in this tempestuous season. Wlicn 
these burst, w^hatever they contain is frcciuently borne by the sweeping blast to a 
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considerable distance over-land, and deposited in the most uncongenial situations ; so that 
now, during the violence of these tropical storms, fish are found alive on the tops of 
bouses ; nor is this any longer a matter of surprise to the established resident in India, 
who sees every year a repetition of this singular phenomenon. During the extreme 
vid^sce of the storm, the beat was occasionally almost beyond endurance, particularly 
aftmr the first day or two, when the wind would at intervals entirely subside, so that not 
a breath of air could be felt, and the punka afforded but a partial relief to that distressing 
sensation which is caused by the oppressive stillness of the air so well known in India.” 
It is an extraordinay but well-ascertained fact, that as soon as one monsoon ceases, 
though a month may elapse before the succeeding one appears, the clouds take the direc- 
tion of the approaching monsoon, and thus from the regions of the atmosphere herald 
its advent to the^dwellers below. 

We naturally inquire concerning the origin of these peculiar movements, but must be 
content with a very scanty measure of information upon the subject. The laws which 
nature obeys in these periodical changes are undoubtedly identical with those which give 
rise to atmospheric currents in general, but their mode of operation is in this case obscure. 
The north-east and south-east monsoons, the former on the north and the latter on the 
south side of the equator, may be considered as trade winds, explicable upon the same 
principles, but counteracted for a certain time by causes which produce winds from a 
different quarter, the south-west and north-west monsoons. It has been observed that 
the south-west monsoon, which prevails to the north of the equator, is coincident with the 
sun being vertical to that region, when Hindustan, Siam, and the adjacent countries 
receive their maximum of heat. Consequently, the incumbent air, being rarefied, ascends, 
and a rush of colder air to supply its place is produced from the southward, which is then 
receiving the oblique rays of the sun, and which presenting a surface of water is immensely 
less heated than the lands to which the luminary is perpendicular. In like manner, the 
north-west monsoon, which prevails south of the equator, is coincident with the sun being 
south of it likewise, and vertical to the region, wdien the sandy plains of New Holland 
become powerfully heated, and the air over them rarefied, creating a wind by the rush of 
the colder northern air towards the point of rarefaction. These are the explanations 
commonly given, and though in several respects they do not account for all the phenomena, 
yet the probability is, that they present tlie correct theory, anomalous circumstances 
arising from the influence of causes wdiich are local and as yet unknown. The monsoons 
are more valuable as auxiliaries to coininerco than the trade winds, owing to the change 
in their direction, for a ship may proceed to a distant port with one monsoon and be aided 
on its return by its successor. 

3. Land and sea breezes. A line in one of our popular songs, 

“ How swoetly the breeze blows off the shore,” 

refers to the wind which begins at evening to blow from the coasts situated between and 
near the tropics ; and an equally grateful breeze blows by day from the sea to the shore 
in those warm climates. The inequality of the solar action on the land and water, 
together with the tendency of the atmosphere to preserve an uniform density, is the cause 
of these periodically sliifting currents. During the day the land acquires a temperature 
higher than that of the ocean, and the air over it is therefore rarefied and ascends, and the 
cooler air from the sea glides in to fill the partial vacuum produced. At night, the land 
rapidly cools with the atmosphere over it, but the sea and the air in connexion with it 
retain a nearly equal temperature, in consequence of which, the colder and heavier 
land-air displaces the less dense or lighter air over the water, and a wind from the shore 
is created. The smoke of Vesuvius beautifully exemplifies this diurnal change in the 
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direction of the atmo- 
spheric currents along the 
shore, its long tail stretch- 
ing landwards for a few 
hours, and then veering 
round to seaward. In the Mediterranean and the West 
Indies, the land breeze usually begins at six or seven o’clock 
in the evening, and blows until eight in the morning, 
when the sea breeze begins, increasing till mid-day, and 
gradually dying away in the afternoon, a period of stillness 
occurring between the changes, as between the ebbing and 
flowing of the tide. The sea-breeze of the Mediterranean 
in summer is said to be perceptible sometimes as far north 
as Norway. These draughts of the cool air of the ocean are important benefactions to 
various countries, where the heat would otherwise be insupportable. Along the coast 
of Malabar, the alternate breezes are powerfully felt, the land wind extending in summer a 
considerable distance out to sea, nidolent with the roses and spices of the shore. Though 
the land and sea breezes are most sensible in tropical countries, yet in far remote lati- 
tudes, and especially around lakes, the same diurnal shifting in the direction of the wind 
is experienced. The change of temperature in the air over a spacious lake, caused by 
the succession of day and niglit, has been computed to be about thirty times less than 
that which takes place in the atmosphere of the surrounding land — the air over the 
land being much more heated during the day, and much less heated during the night, 
than that over the lake — an inequality of temperature which necessarily occasions a 
breeze from the lake by day, and towards it by night. 

The old and faithful voyager. Captain Darapier, in a quaint but pleasing style, has 
given the most exact description of these remarkable winds, as they occur in tropical 
latitudes. “ These sea-breezes do commonly rise in the morning about nine o’clock, 
sometimes sooner, sometimes later ; they first approach the shore so gently, as if they 
were afraid to come near it, and ofttimes they make some faint breathings, and, as if not 
willing to offend, they make a halt, and seem ready to retire. I have waited many a 
time, both ashore to receive the pleasure, and at sea to take the benefit of it. It comes 
in a fine small black curl upon the water, whereas all the sea between it and the shore, 
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not yet reached by it, is as smooth and even as glass in comparison. In half an hour’s 
time after it has reached the shore, it fans pretty briskly, and so increaseth, gradually, till 
twelve o’clock ; then it is commonly strongest, and lasts so till two or three a very brisk 
gale ; about twelve at noon it also veers off to sea two or three points, or more in very 
f^air weather. After three o’clock, it begins to die away again, and gradually wathdraws 
its force till all is spent ; and about five o’clock, sooner or later, according as the weather 
is, it is lulled asleep, and comes no more till the next morning. 

Land-breezes are as remarkable as any winds that I have yet treated of ; they are 
quite contrary to the sea-breezes ; for those blow right from the shore, but the sea-breeze 
right in upon the shore; and as the sea-breezes do blow in the day and rest in the night, 
so, on the contrary, these do blow in the night and rest in the day, and so they do 
alternately succeed each other. For when the sea-breezes have performed their offices 
of the day, by breathing on their respective coasts, they, in the evening, do either 
withdraw from the coast, or lie down to rest. Then the land-winds, whose office it is 
to breathe in the night, moved by the same order of divine impulse, do rouse out of 
their private recesses, and gently fan the air till the next morning, and then their task 
ends, and they leave the stage. There can be no proper time set when they do begin in 
the evening, or when they retire in the morning, for they do not keep to an hour, but 
they commonly spring up between six and twelve in the evening, and last till six, eight, 
or ten in the morning. They both come and go away again earlier or later, according to 
the weather, the season of the yeRr, or some accidental cause from the land. For, on 
some coasts, they do rise earlier, blow fresher, and remain later than on other coasts, as 
1 shall show hereafter. 

These winds blow off to sea, a greater or less distance, according as the coai^ lies 
more or less exposed to the sea-winds ; for, in some places, we find them brisk three or 
four leagues off shore ; in other places, not so many miles, and, in some places, they scarce 
peep without the rocks ; or if they do sometimes, in very fair weather, make a sally out 
a mile or two, they are not lasting, but suddenly vanish away, though yet, there are every 
night as fresh land-winds ashore, at these places, as in any other part of the world. In- 
deed, these winds are an extraordinary blessing to those that use the sea in any part of 
the world within the tropics; for as the constant trade-winds do blow, there could be no 
sailing in these seas ; but by the help of the sea and land-breezes, ships will sail 200 or 
300 leagues, as particularly from Jamaica to the Lagune of Trist, in the Bay of Campeachy, 
and then back again, all against the trade-wind. The seamen that sail in sloops or other 
small vessels in the West Indies do know very well when they shall meet a brisk land- 
wind by the fogs that hang over the land before night ; for it is a certain sign of a good 
land-wind to see a thick fog lie still and quiet, like smoke over the land, not stirring any 
way ; and we look out for such signs when we are plying to windward. For if we see no 
fog over the land, the land-wind will be but faint and short that night. These signs are to be 
observed chiefly in fair weather ; for in the wet season fogs do hang over the land all the 
day, and it may be neither land-wind nor sea-breeze stirring. If in the afternoon, also, 
in fair weather, we sec a tornado over the land, it commonly sends us forth a fresh 
land-wind. These land-winds are very cold, and though the sea-breezes are always much 
stronger, yet these are colder by far. The sea-breezes, indeed, are very comfortable and 
refreshing ; for the hottest time in all the day is about nine, ten, or eleven o’clock in the 
morning, in the interval between both breezes ; for then it is commonly calm, and then 
people pant for breath, especially if it is late before the sea-breeze comes, but afterwards 
the breeze allays the heat However, in the evening again, after the sea-breeze is spent, 
it is very hot till the land-wind springs up, which is sometimes not till twelve o’clock or 
after.” 
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4. Ji^esian winds. The ancients gave this designation, from annua?, to period- 

ical winds which blow from the north-east in the summer months, for about six weeks 
throughout the Mediterranean and adjacent countries, but mostly in the eastern brunch’ 
including the Adriatic and tlie Archipelago. The term Meltem is now applied to tlioni by 
the fishermen, a corruption, probably, oi' mal temps^ referring to the fury with which they 
blow, and to the danger to which their small craft become exposed. On land, they are 
more favourably regarded. These winds are noticed by Tliny, Seneca, and Cicero, the 
latter of whom says, that in Italy they are equally comfortable and salutary to men, beasts, 
and birds, and likewise beneficial to vegetation, by moderating the violent heat of the 
weather during the inclement season of the dog-days. In the Levant, they commence 
towards the middle of July, about nine in the morning, continuing only in the daytime. 
The sun at that season is powerfully heating the earth under the tropic of Cancer, and 
rarefying the atmosphere south of the Mediteranean, thus giving birth to the north-east 
etesian gales. 

. .'3. Khamsin, Samiel, Simoom^ Harmattan, Sirocco, These are local titles of winds 

difiering greatly in geographical position and direction, and also in some of their pro|)crtie8, 
but prevalent in desert regions, or in countries adjacent to them, and having one universal 
. character of being hot blasts. The Khamsin is a hot south wind, wdiich soon after the 
vernal equinox begins to blow in Egypt, continuing at intervals during a period of about 
fifty days, to which the name refers. The two next are entirely identical, the Samiel 
being the name given by the Turks to the wind which the Arabs called the Simoom. It 
is common in Syria, Arabia, and Nubia, deleterious in its mildest forms, occasionally 
destructive, many a pilgrim to the shrine of the prophet at Mecca, and merchant to the 
. marts of Bagdad, having perished by its noxious suffocating influence. Bruce suffered 
from it when ascending the Nile, he and his company becoming so enervated as to be 
incapable of pitching their tents, oppressed as well by an intolerable head -ache. “ The 
poisonous simoom,” he remarks, when at Chendi, “ blew as if it came from an oven ; our 
eyes were dim, our lips cracked, our knees tottering, our throats perfectly dry ; and no 
relief was found from drinking an immoderate quantity of water. ” The most complete 
account of the simoom and its effects has been given by Volney, whose accuracy here has 
been repeatedly confirmed. Travellers, ” he states, ‘‘ have mentioned these winds under 
the name of poisonous winds ; or, more correctly, hot winds of the desert. Such in fact 
is their quality ; and their heat is sometimes so excessive that it is difficult to form an 
idea of their violence without having experienced it ; but it may be compared to the heat 
of a large oven at the moment of drawing out the bread. When these winds begin to 
blow, the atmosphere assumes an alarming aspect. The sky, at other times so clear in 
this climate, becomes dark and heavy ; the sun loses its splendour, and appears of a violet 
colour. The air is not cloudy, but grey and thick ; and is in fact filled with an 
extremely subtle dust, that penetrates everywhere. This wdnd, always light and rapid, is 
not at first remarkably hot, but it increases in heat in proportion as it continues. All 
animated bodies soon discover it by the change it produces in them. The lungs, which a 
too rarefied air no longer expands, are contracted and become painful. Kespiration is 
short and difficult, the skin parched and dry, and the body consumed by an internal heat. 

In vain is recourse had to large draughts of water ; nothing can restore perspiration. In 
vain is coolness sought for; all bodies in which it is usual to find it deceive the hand that 
touches them. Marble, iron, water, notwithstanding the sun no longer appears, are hot. 
The streets are deserted, and the dead silence of night reigns everywhere. The 
inhabitants of towns and villages shut themselves up in their houses — and those of the 
desert in their tents, or in pits they dig in the earth — where they wait the termination of 
this destructive heat. It usually lasts three days, but if it exceeds that time it becomes 
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insupportable. Woe to the traveller whom this wind surprises remote from shelter I he 
must suffer all its dreadful consequences, which sometimes are mortal. The danger is 
most imminent when it blows in squalls, for then the rapidity of the wind increases the 
heat to such a degree as to cause sudden death. This death is a real suffocation ; the 
lungs being empty are convulsed, the circulation disordered, and the whole mass of blood 
driven by the heat towards the head and breast ; whence that hoimorrhage at the nose 
and mouth which happens after death. This wind is especially fatal to persons of a 
plethoric habit, and those in whom fatigue has destroyed the tone of the muscles and 
vessels. The corpse remains n long time warm, swells, turns blue, and is easily separated; 
all of which are signs of that putrid fermentation wliich takes place when the humours 
become stagnant. These accidents are to be avoided by stopping the nose and mouth 
with handkerchiefs ; an efficacious method is also tliat practised by the camels, who bury 
their noses in the sand, and kecj) tli(;m there till the squall is over. Another quality of 
this wind is its extreme aridity, which is such, that water sprinkled upon the floor 
evaporates in a few minutes. By this extreme dryness it withers and strips all the plants, 
and by exhaling too suddenly the emanations from animal bodies, crisps the skin, closes 
the pores, and causes that feverish heat which is the invariable effect of suppressed 
perspiration. ” The current of the simoom is seldom of any considerable breadth, but 
diflerent examples of it have been traversing a tract of country of but scanty area at the 
same time, and several cases of disaster from it upon an extensive scale are upon record. 
The opinion is now commonly held, that the destruction of the Assyrian army, when 

** The angel of death spread his wings on the blast, 

And breath'd in the face of tlie foe as he pass'd, 

And the eyes of the sleepers wax'd deadly and chill. 

And their hearts but once heav'd, and for ever grew still," 

was accomplished by the agency of the simoom, directed by the Almighty Will over the 
host of Senacherib, — an interpretation wliich the terms of the propbetic announcement of 
the avenging stroke remarkably support : “ Behold, 1 will send a blast upon him. ” 

The Harmattan, a periodical hot wind from the desert, differs remarkably from the 
simoom. It blows from the interior of the great Sahara, from the north-east, over 
Senegambia and Guinea, to that part of the coast of Africa lying between Cape Verde in 
15° north latitude to Cape Lopez in 1° south latitude, a coast line of upwards of two 
thousand miles. It occurs during December, January, and February, generally three or 
four times in that season. The harmattan is the local name of the wind among the 
Fantees, a nation on the Gold Coast. It comes on indiscriminately at any hour of the 
day, at any time of the tide., or at any period of the moon, continuing sometimes only a 
day or two, at other times five or six days, and it has been known to last upwards of a 
fortnight. A fog or haze is one of the peculiarities which always accompanies this wind, 
occasioning a gloom which frequently renders even near subjects obscure, through which 
the sun appears for a short time about noon, having a wild red aspect. Though the wind 
blows out to sea for ten or twelve leagues, the fog is confined to the land, and leaves a 
deposition of fine whitish particles upon the grass and trees. Extreme dryness is another 
property of the harmattan. No dew falls during its continuance, nor is there the least 
appearance of moisture in the atmosphere. Vegetables of every kind suffer ; all tender 
plants and most of the productions of the garden are destroyed ; the grass withers, and 
becomes dry like hay; vigorous evergreens feel the pernicious influence; the branches of 
the lemon, orange, and lime trees droop, the leaves become flaccid, and so parched as to 
be easily rubbed to dust between the fingers, should the harmattan blow for several 
successive days. Among other extraordinary effects of the extreme dryness, it is stated, 
that the covers of books, though closely shut up in a trunk, are bent as if they had been 
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exposed to a fire. Household furniture cracks, the panels of doors split, and any veneered 
work flies to pieces. Another, and the most striking feature of the harinuttan, is its 
salubrity. Though prejudicial to vegetable life, and occasioning disagreeable parching 
effects on the human species, yet it is highly conducive to health. Tliose labouring 
previously under fevers generally recover during its prevalence, the feeble gain strength, 
and malignant diseases disappear. It seems that as this wind immediately follows the 
rainy season on the African coast, during which diseases are induced by an excess of 
moisture, the harmattan, invested with extraordinary dryness, removes humidity from the 
atmosphere, and counteracts its effects. 

The Sirocco is analogous to the Kliamsin, hut milder. It is a hot south-east wind, 
prevailing in the Mediterranean, in Italy and Sicily, but felt most violently in the country 
around Naples, and at Palermo. It sometimes commences faintly about the summer 
solstice, but blows occasionally with great force in the month of July. Mr. Brydone, 
writing from Palermo, and referring to July 8th, observes : — “On Sunday we had the 
long-expected sirocco wind, which, although our expectations had been raised pretty high, 
yet I own greatly exceeded them. Friday and Saturday were uncommonly cool, the 
mercury never being higher than 72^ ; and although the sirocco is said to Iiave set in 
early on Sunday morning, the air in our apartments, whicli are very largo, with high 
ceilings, was not in the least afiected by it at eight o’clock, when I rose. 1 opened the 
door without having any suspicion of such a change, and indeed I never was more 
astonished in my life. The first blast of it on my face felt like the burning steam from 
the mouth of an oven. I drew back my head and shut the door, calling out to Fullarton 
that the whole atmosphere was in a flame. However, we ventured to open another door 
that leads to a cool platform, where we usually walk ; this was not exposed to the wind ; 
and here I found the heat much more supportable than 1 could have expected irom the 
first specimen I had of it at the other door. It felt somewhat like the subterraneous 
sweating-stoves at Naples, but still much hotter. In a few minutes we Ibund every libro 
greatly relaxed, and the pores opened to such a degree, that we (expected soon to be 
thrown into a profuse sweat. I went to examine the thermometer, and finind the air in 
the room as yet so little affected that it stood only at 73. 'J’he pr(‘C(*ding night it was at 
72^. I took it out to the open air, when it immediately rose to 110, and soon after to 
112 ; and I am confident, that in our old lodgings, or any where within the city, it must 
have risen several degrees higher. The air was thick and heavy, but the barometer was 
little affected — it had fallen only about a line. The sun did not once appear the whole 
day, otherwise I am persuaded the heat must have been insu[)portable ; on that side of our 
platform which is exposed to the wind, it was with difficulty we could bear it for a few 
minutes. Here I exposed a little pomatum, which was melted down as if I had lai<l it 
before the fire. I attempted to take a walk in the street, to see if any creature was 
stirring, but I found it too much for me, and was glad to get up stairs again. I’Jiis 
extraordinary heat continued till three o’clock in the afternoon, when the wind changed at 
once, almost to the opposite point of the compass. ” All nature languishes under the 
influence of this wind ; vegetation droops and withers; the Italians suffering from it not 
less than strangers. When any feeble literary production appears, the strongest f)hra8e 
of disapprobation they can bestow is, era scritto in temps del sirocco^ “ it was written in 
the time of the sirocco. ” There can be little doubt but that this hot soutli-east wind 
sweeps across the Mediterranean from the shores of Africa. It is some compensation that 
the season of this oppressive blast is also that of the north-east Etesian winds, and not 
unfrequently, after a few hours’ experience of the enfeebjing influence of the sirocco, the 
tramontane, or north wind follows with its invigorating breath. 

Hot winds resembling the sirocco of Sicily and Italy prevail in New South Wales, and 
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are 4o derive tbeir heat from tracts of unknown deserts in the intertropical 

island-continent. One might almost fancy,’* says Mrs. Meredith, “ the 
3ii^ to have experienced one during his ghostly voyage, he so accurately 
describes their aspect : — 

* All in • hot and copper sky. 

The bloody sun, at noon. 

Right up above the mast did stand, 

No bigger than the moon.’ ” 

The sirocco of that country always blows from the north-west. At Sydney, its oven-like 
temperature is moderated by the mid-day sea-breeze ; but in the interior, it is severely 
felt, and is often fatal to the vegetation. Every green thing droops and dies, dried up 
like half-burnt paper. Large tracts of cultivated land, covered with luxuriant- green 
crops of wheat or barley, just going into car, are scorched, shrivelled, and absolutely 
bla(;kened by the heat, and become fit for nothing but to be cut as litter ; and of course 
the delicate plants and flowers of the gardens are not spared by the “ burning breath of 
the fervid Air-king.” 

6. Mistral, Autun. Bise, These are local atmospheric currents prevalent in the south- 
east of France. Pliny mentions the first, under the name of Circius, as remarkable for 
its violence. The Mistral blows from the north-west, descending from the mountains of 
Central France, and sweeping over the ancient provinces of Provence and Languedoc, 
where it is supposed to contribute greatly to the salubrity of the air, by dispelling the 
exhalations from the marslies and stagnant waters common in that region of extensive 
levels. In tlic Gulf of Lyons it frequently occasions gr(‘at damage to the shipping, and to 
tlie inhabitants upon the coast, owing to tlie oj)position offered to the course of the wind 
by the Alps and the Pyrenees, causing it to rush through the opening between them with 
an increased momentum. Hence the name of the gulf, not derived, as commonly imagined, 
from the city of Lyons, but from the lion-like violence of its tempests. Malte Brun 
tpiotes from AVilliam of Naiigis, a monk of the middhi ages, a remark to this effect: — “ It 
is called the Lion’s sea, because^ it is ever rough, tempestuous, and destructive.” The 
Autun blows in an o|)[»ositc direction, from the east and south-east, hot and unwholesome, 
j)rtHlueing morbid eflects upon the human system, like the sirocco. It is experienced 
llirough the country extending from the coast about Narbonne to the neighbourhood of 
Toulouse, and lre(|uently blows with gn*at force in the more westerly parts of its track 
in the vicinity of Castelnaudary. The vent de. Bise^ or black wind, is a cold piercing 
current from the Alps and the mountains of Auvergne, which chiefly follows the course 
of the Rhom*, in the valley through which it runs, from north to south, rendering the 
climate in wdnter very severe. The currents >ve are now noticing, conflned within a 
comparatively narro>/ range, are uniform in their direction ; and innumerable examples 
might be cittal of localities where the same uniformity is found, caused by the irregularities 
of the surface, the position of mountains and valleys. In many cases, local winds are 
merely branches of a great atmospheric current, diverted from the main stream into an 
inverse course by the supcrlicial inequalities. Thus, at Liverpool, the prevalent south-west 
wind of England is scarcely ever felt, owing to the situation of the town, while the 
predominating wind is the south-east, which is rarely experienced in the kingdom at 
large. The movements of the atmosphere over the Red Sea are plainly determined by 
its channel, for the wind never blows in any other direction than to one of its extremities. 
Captain Parry always found the wind either east or west in Lancaster Sound, and during 
the whole year, excepting about two months, it blows constantly up tlie valleys of the 
Mississippi and the Ohio. Saussure mentions a valley at the foot of the Pyrenees, wholly 
environed with mountains, except towards the north-west, and a few other very narrow 
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openings where a cold north-west wind blows regularly during the nights of summer, so 
that the inhabitants of the village of Bland can winnow their corn at no other time. 

7. Hurricanes . — Sudden and tremendous bursts of storm are common in mountainous 
districts, and in the plains which lie at the base of those vast piles of nature’s building. 
Their peaks, exposed by elevation to intense cold, and covered with perpetual snow, cool 
and condense the worm air rising up from the regions below which descends with 
an impetus proportioned to its own gravity and the lighter condition of the air over the 
regions below, and a tempest ensues upon considerable condensation and rarefaction in 
adjoining regions of the atmosphere. This is the origin of the pamperos^ or south-west 
winds, which rush from the snows of the Andes, and sweeping over the level pampas 
with unchecked violence, become hurricanes before their arrival at Buenos Ayres, and 
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carry to the city clouds of dust collected from the plains, occasioning almost total darkness 
in the streets. So sudden is the operation of tlie jiampero, that persons bathing in the 
river Plate have been drowned by the agitation of its waters through tli(i temfiest before 
they could possibly reach the shore. Captain Fitzroy redates, wlnm in his ship upon tlie 
river, that a small boat liad been hauled ashore above high-water mark, and fastened with 
a strong rope to a large stone, but the pampero set in, and afterwards the boat was found 
far from the beacli, shattered to pieces, but still fast to tlie stone, which it had dragged 
along. But this violent movement of the atmosphere is remarkably beneficial in its gen(;ral 
etfect to the inhabitants of the pampas of Buenos Ayres and on the banks of the Plata. 
The prevailing winds through a great part of the year are northerly, and these passing 
over extensive marshy tracts bring witli them a degree of humidity, which renders the 
land rife with fever and pestilence, till the pampero rushes down from the Andes srid 
clears the atmosphere. A somewhat similar wind, is one of our own physical phenomena, 
hitherto unexplained, to the violence of which the tourist to the Cumberland lakes may 
occasionally be exposed in spring and autumn. This is the Helm-wind. Hutchinson, in 
the history of the county, and the Rev. J. Watson, in a report to the Britisli Association, 
have given an account of its singular features. When not a breath of air is stirring, or a 
cloud is to be seen, a line of clouds will be suddenly formed over the summits of the lofty 
ridge of mountains at Hartside, extending several miles on the western side. To this 
collection of vapours the term Helm is applied from its shape. It (jxhibits an awful and 
solemn appearance, spreading a gloom over the regions below, like the shadows of night. 
Parallel to this, another line of clouds, called the Bar, begins to form. The two lines unite 
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together at their extremities, and embrace between them an elliptical cloudless space, 
from half a mile to four or five miles in breadth, and from eight to thirty inihis in length, 
the breadth being from east to west, and the length from north to south. Soon after the 
complete formation of the Ilelm-bar, a violent wind issues from the space between the 
clouds, generally blowing directly from the east, and with such power that trees have been 
dismantled of their foliage, stacks of grain dispersed, and heavy vehicles overturned. The 
helm*wind has continued for as much as nine days together, with a noise resembling that 
of a violent sea-storm, but it is seldom accompanied with any rain. It has been suggested, 
that the air from the coast of Northumberland, being cooled as it rises to the summit of 
the mountains, and there condensed, descends from thence with great force, by its gravity, 
into the district to the west of Hartside, the scene of the phenomenon: but obviously a 
variety of other causes must enter into its production. 

In several parts of the globe, an extensive vacuum being suddenly created by the 
rapid condensation of vapour, the surrounding air rushes in with immense impetuosity 
from all points of the compass, blowing in gusts of resistless power, destroying all the 
productions of the earth, IjpveUing forests and the firmest buildings, and inundating whole 
tracts of country by the deluge of rain with which they are accompanied. These storms 
seldom occur far out in the open ocean, or beyond the tropics, or nearer the equator 
than nine or ten degrees. Their principal localities are the West India islands, those of 
Madagascar, Mauritius, and Bourbon, the north-west coast of Africa, the Bay of Bengal, 
and the Chinese Sea, where they are variously called hurricanes, tornadoes, and typhoons. 
A heavy swell upon the sea, a dusky redness of the sky, a close oppressive air, and a wild 
irregularity in the appearance of things, are the usual precursors of a tropical tempest. 
Though generally confined to the districts mentioned, where they are of frequent 
occurrence, the extratropical latitudes, at more distant intervals, experience the force of 
the hurricane. 

When were the winds 

Let slip with such a warrant to destroy ? * 

When did the waves so haufi;litily o’crlcup 

Their ancient barriers, deluging the dry ? ” 

This is tlie language of Cowper in the Task, respecting the year 1783, when, amid the other 
events of that portentous season, noticed upon a previous page, a succession of storms, 
accompanied with violent rains, visited the whole of Great Britain, and caused considerable 
damage. But what is known in our reixn-ds as the “ Great Storm,” occurred on the night 
of the 26tli and tlie morning of tlie 27th of November, 1703, and has been referred to bv 
almost all the writers of that period. Derliam, in the Philosophical Transactions for the 
year following, states: “ Of the preceding parts of the year (1703), the months of April, 
May, June, and July were wet in the southern parts of England, particularly in May, 
when more rain fell than in any month of any year since 1690; June also was very wet ; 
and though July had considerable iiitermissious, yet on the 28th and 29th there fell violent 
showers of rain, and the newspapers gave accounts of great rains that month from divers 
places of Europe. On Thursday, November 25th, the day before the tempest, in the 
morning there was a little rain, the winds high in the afternoon. In the evening there 
was lightning, and between nine and ten o’clock at night a violent but short storm of wind, 
and much rain. Next morning, November 26th, the wind was S. 8. W., and high all 
day, and so continued till I was in bed and asleep. About twelve^that night the storm 
awakened me, which gradually increased till near three that morning, and from thence till 
near seven it continued with the greatest violence ; then it began to abate slowly and the 
mercury to rise swiftly.” This tempest tilled the whole kingdom with terror, and produced 
immense commercial loss, and many melancholy accidents. The country between the 
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Loire in France and the Trent in England was the chief* scene of its ravages. The 
historians of those times give an affecting account of the dismal appearance of the district. 
Houses unroofed — steeples blown down — stacks of corn scattered abroad — vessels dismasted 
or wrecked — and upwards of eight thousand persons drowned. “ The wind,” says 
Oldmixon, “ blew west-south-west, and grumbled like thunder, accompanied with flashes 
of lightning. It threw down several battlements and stacks of chimneys at St. James’s 
Palace ; tore to pieces tall trees in the Park ; and killed a servant in the house. The 
Guard-house at AYhitchall was mucli damaged, as was the Banqueting-liouse. A great 
deal of lead was blown off Westminster Abbey ; and most of the lead on churches and 
houses either rolled up in sheets or loosened. The pious and learned prelate Dr. Richard 
Kidder, bishop of Bath and Wells, and his lady, were killed by the fall of part of the old 
episcopal palace at Wells. The bishop of London’s sister. Lady Penelope Nicholas, was 
killed in like manner at Horsely in Sussex, and Sir John Nicholas, her husband, grievously 
hurt.” Upwards of 800 houses, 400 windmills, and 250,000 timber trees were thrown 
down ; 100 churches unroofed ; 300 sail lost upon the coast ; 900 wherries and barges 
destroyed on the Thames ; the Eddystone lighthouse, built by Winstanley, was overthrown ; 
15,000 sheep, besides other cattle, were drowned by the overflowing of the Severn ; and 
Rear Admiral Beaumont, with the crews of several ships, perished on the Goodwin 
Sands. 

The West Indies and the vicinity of the Mauritius seem to bo two principal foci of 
hurricanes, from their frequency and tremendous violence in those localities. Of thirteen 
hurricanes, described by Colonel Reid, in his interesting attempt to develop the law of 
storms, eleven took place in the neighbourhood of the Mauritius and Madagascar, which 
sanctions an opinion prevalent among seamen, that gales are commonly avoided by ships 
steering in a course so as to keep well to the eastward of the ^Mauritius. To give some 
idea of a tropical hurricane, the particulars gathered by Colonel Reid from various sources, 
respecting that which desolated several of the West India islands in the year 1831, are 
here introduced. It passed over Barbjtloes, St. Lucia, St. Domingo, and Cuba, swept the 
northern shores of the Gulf of Mexico, raged simultaneously at Pemsacola, Mobile, and 
New Orleans, entered the adjoining states, and seems to have been disorganised by the 
opposition offered to its progress by the mountain region of the Alleghanies. The 
hurricane accomplished the distance of 2000 miles in 150 hours, at an average velocity of 
131 miles an hour, but the rate of its progressive motion was insignificant in comparison 
with that of its rotatory movement, a feature hereafter to be adverted to. Before its 
arrival at St. Vincent, a cloud was observed to the north by a resident, so threatening in 
its aspect and peculiar in its colour, that of olive green, that, impressed with a sense 
of impending danger, he hastened home, and by nailing up his doors and windows saved 
his house from the general calamity. In this island, the most remarkable effect of the 
storm was the destruction of an extensive forest at its northern extremity, the trees of 
which were killed without being blown down. In 1832, these trees were frequently 
examined by Colonel Reid, and appeared not to have been killed by the wind, but by the 
immense quantity of electric matter rendered active during the storm. When at its height, 
two negroes at Barbadoes were greatly terrified by sparks of electricity passing off from 
one of them, as they were struggling in the darkness, in the garden of Coddrington College, 
to reach the main building, after the destruction of their hut. Such was the quantity of 
spray carried inland from the sea by the wind, that it rained salt water over the whole 
island, which killed the fresh- water fish in the ponds, and several ponds continued salt for 
some days after the storm. The afternoon that ushered in the hurricane, that of the 11th 
of August, was one of dismal gloom, but about four o’clock, there was an obscure circle of 
imperfect light towards the zenith subtending an angle of 35^ or 40°. Variable squalls of 



PHYSICAL OEOGUATnY. 


464 

wind and rain, with intervening calms, prevailed till midnight, when the lightning 
flashed fearfully, and a gale blew fiercely from the north and north-east. At one a.m. 
the wind increased, but suddenly shifted its quarter, blowing from north-west and inter- 
mediate points. Towards three o’clock, after a little intermission, the hurricane again burst 
from the western points, hurling before it thousands of missiles — the fragments of every 
unsheltered work of human art. The strongest houses vibrated to their foundations, and 
the surface of the earth trembled as the destroyer passed over it. There was no thunder 
at any time distinctly heard, but the horrible roar and yelling of the wind, the noise of 
the ocean, whose waves threatened the destruction of every thing in Barbadoes that the 
other elements might spare, the clattering of tiles, the falling of roofs and walls, and the 
combination of a thousand other sounds, formed a hideous and appalling din. As 
soon as the dawn rendered outward objects visible, and, the storm abating, permitted the 
inhabitants of Bridgetown to venture out, a grand but distressing picture of ruin presented 
itself. From the summit of the cathedral tower, the whole face of the country appeared 
the wreck of its former condition. No sign of vegetation could be observed, except here 
and there a few patches of sickly green. The surface of the ground exhibited the 
scorching and blackening effect of the lightning. A few remaining trees, stripped of their 
boughs and foliage, wore a cold and wintry aspect ; and the numerous villas in the 
neighbourhood, formerly concealed amid thick groves, were exposed and in ruins. 

In the year 1837, three hurricanes occurred in the West Indies, and adjacent parts of 
the Atlantic, the narratives of which, as collected by Colonel Reid from different 
observers, present some singular features. The first passed over Barbadoes on the 26th of 
I July. The sky assumed a blue-black appearance, with a red glare at the verge of the 
horizon. The flashes of lightning were accompanied with a whizzing noise, like that of a 
red-hot iron plunged in water. The barometer and sympiesometer fell rapidly and sunk 
to 28*45 inches. The Antigua hurricane, the second of that year, commenced in the 
Atlantic, on the night of the 3 1st of July, and w’as encountered by Captain Seymour, in 
the brigantine Judith and Esther of Cork. Ue observed near the zenith o white 
appearance of a roimd form, and while looking stedfastly at it, a sudden gust of wind 
carried away the toi)mast and lower scudding sails. During the hurricane the eyes of 
the crew wej*e remarkably affected, tlieir sight became dim, and every one of their 
nails turned quite black, and remained so nearly five weeks afterwards. The captain I 
inferred, from the universality of the effect, tliat it could not have been produced by the | 
firmneBS of the grasp with which they were liolding by the rigging, but that the whole 
was caused , by an electric body in the elements. On the 2nd of August, in another 
situation, tnl' Water Witch was caught by the skirts of the same storm, the wind blowing 
in squalls from the W, and N.N.W. till the evening, when “a calm succeeded,” states 
Captain Newby, “ for about ten minutes ; and then, in the most tremendous unearthly 
screech I ever heard, it recommenced from the south and south-west.” The third liurricane 
of the year was met with by the Rawlins, about midnight of the 18th of August, when, after 
blowing violently for twelve hours from the north, in an instant a peiffcct calm ensued for 
an hour, and then, quick as thought, tlie wind sprung up with tremendous force from the 
south-west, no swell whatever preceding the convulsion. During this hurricane, an extra- 
ordinary phenomenon presented itself, resembling a solid black perpendicular wall about 
15® or 20® above the horizon, which disappeared and became visible again several times, 
described by one of the observers, as “ the most appalling sight he had ever seen during 
his life at sea.” A similar spectacle is described by an officer on board the king’s ship 
Tartarus, during a hurricane on the American coast in the year 1814 ; — “No horizon 
appeared, but only a something resembling an immense wall within ten yards of the ship.” 
The power of the w ind w’as remarkably exemplified during the great hurricane of 1780, 
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which at Barbadoes forced its way into every part of the Government-house, and tore off 
most of the roof, though the walls were three feet thiek, and the doors and windows had 
been well barricaded. Obliged to retreat from thence, the Governor and his family fled 
to the ruins of the foundation of the flag-stafl*, and, compelled to relinquish that station, 
they with diflSculty reached the cannon of the fortifications, under the carriages of which 
they took shelter. But here they were not secure, for the cannons were moved by the 
fury of the wind, and they dreaded every moment that the guns would be dismounted, 
and crush them by their fall. From the preceding accounts it appears ; that the agency 
of electricity is frequently extensively developed in hurricanes ; that they have a 
progressive motion ; that calms of short duration occur during their continuance ; after 
which the wind bursts forth from a quarter different to that from which it has been 
blowing 5 — peculiarities which have led to a theory respecting storms which may be 
considered as established in its leading principles. 

Down to a very recent date, a hurricane was generally deemed to be simply a gale of 
wind pursuing with immense velocity a rectilinear direction. Colonel Capper departed 
from this idea after investigating the storms of the Indian Ocean, and published the 
conclusion in the year 1801, that the hurricanes he had examined in that region were 
real whirlwinds of varying diameter, having a progressive as well as a rotatory motion. 
The evidence collected from the records of an immense number of storms in the Atlantic 
by Mr. Redfield of New York, and in the Indian Ocean by Colonel Reid, seems to place 
beyond all dispute the fact, that they occur in the form of a ring, having an outer circle, 
where the air revolves with intense velocity, and an interior space, the diameter of which 
is sometimes equal to several hundred miles, the vortex of the whirlwind, which is the 
scene of gusts and lulls, a comparatively slow progressive motion on the surface of land 
and sea distinguishing the whole. A hurricane which occurred at New Brunswick in the 
year 1835 strikingly exhibited the character of a revolving storm ; for, while about the 
centre bodies of great weight were carried spirally upwards, at the extremities the trees 
were thrown in opposite directions. The same circumstance was observed at Barbadoes 
in 1831, near the northern coast : the trees which the hurricane uprooted lay from N.N.W. 
to S. S. E., having been thrown down by a northerly wind, while in some other parts of 
the island they lay from S. to N., having been prostrated by a southerly wind. It is 
evident, therefore, that the direction of the wind at a particular point aflbrds no indication 
of the course in which the whole revolving mass of the atmosjihere is advancing. 
Another singular conclusion resiiecting storms, which the American and Anglican 
philosophers, along with Professor Dove of Berlin, have arrived at by independent 
investigations, is, that the hurricanes in the southern hemisphere revolve in a counter 
direction to those in the northern ; and while the axis of a storm in the North Atlantic 
has a progressive motion from tlie equator obliquely towards the north pole, that of one in 
the Indian Ocean proceeds obliquely from the equator towards the south jiolc. In the 
Pacific Ocean, a region of hurricanes, their revolving motion appears to be sanctioned by 
the evidence which has been obtained respecting them. Mr. Williams, the missionary, 
describes a hurricane at Raratonga, one of the Hervey Islands, during wliich the rain 
descended in deluging torrents, the lightning darted in fiery streams among the dense 
black clouds, the thunder rolled deep and loud through the heavens, and the island 
trembled to its very centre as the war of the elements raged over it. Scarcely a banana 
or plantain tree was left, either on the plains, or in the valleys, or uj)on the mountains ; 
hundreds of thousands of which, on the preceding day, covered and aJorned the land with 
their foliage and fruit ; and immense chestnuts, which had withstood the storms of ages, 
were laid prostrate on the ground, while those that remained erect had scarcely a branch, 
and were all leafless. It was observed, that when the gale ended, the wind was in the 
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west, whereas in the early part of its action the east end of the chapel had been blown in, 
which shows the wind then to have been in the cast. The hurricanes of New South 
Wales have been observed to develop the same j)eculiarity. Mr. Meredith traced the path 
of one in the centre, and found at the termination a circle plainly shown, in which the 
trees lay all ways. 

The cause of this rotatory motion of storms remains in obscurity, but it is probably due 
in part to the same law under which eddies or whirlpools are formed in water, by two 
currents being obliquely impelled against each other. The great hurricanes may thus be 
considered identical with the small local whirlwinds, which arc common with us in the 
summer season, carrying upwards and along the dust and loose grass in spiral columns, 
exhibiting a progressive and rotatory motion. In the region of the sandy deserts these 
atmosplieric whirls transpire upon a great scale, raising up immense quantities of the 
loose particles in columns to a considerable height, which sweep along with prodigious 
violence, and have occasionally swallowed up whole caravans in their tremendous 
vortex. 

“ Man mounts on man, on camels camels rush, 

Hosts march on hosts, and nations nations crush, 

Wheeling in air the winged islands fall, 

And one great earthy ocean covers all.” 

‘‘ OiKi of the largest of tliesc pillars of sand,” says a modern traveller, Caillie, “ crossed 
our camp, overset all the seats, and whirling us about like straws, threw one of us on the 
other in the utmost confusion. We knew not where we were, and could not distinguish 
anything at the distance of a foot. The sand wrapped us in darkness like a fog, and the 
sky and the earth seemed confounded and blended in one. Whilst this frightful tempest 
lasted we remained stretched on the ground motionless, dying of thirst, burned by the 
boat of the sand, and buffeted by the wind. We suffered nothing, however, from the sun, 
whose disk, almost concealed by the clouds of sand, appeared dim and deprived of its rays.” 
Bruce has sketched with spirit several of these desert whirlwinds of which he was an eye- 
witness : At one o’clock,” he states, we alighted among some acacia trees at Waadi 

el Halboub, having gone twenty-one miles. We were here at once surprised and terrified 
by a sight, surely one of the most magnificent in the world. In that vast expanse of 
desert, from W. to N. W. of us, we saw a number of prodigious pillars of sand at different 
distances, at times moving with great celerity, at others stalking on with a migestic 
slowness ; at intervals we thought they were coming in a very few minutes to overwhelm 
us ; and small quantities of sand did actually more than once reach us. Again they 
would retreat so as to be almost out of sight, their tops reaching to the very clouds. 
There the tops often seiiarated from the bodies, and these, once disjoined, dispersed in 
the air, and did not appear more. Sometimes they M^ere broken in the middle, as if 
struck with large cannon shot. About noon they began to advance with considerable 
swiftness upon us, the wind being very strong at north. Eleven of them ranged along- 
side of us about the distance of three miles. The greatest diameter of the largest appeared 
to mo at that distance as if it would measure ten feet. They retired from us with a wind 
at S.E. leaving an impression upon my mind to which 1 can give no name, though 
surely one ingredient in it was fear, with a considerable deal of wonder and astonishment. 
It was in vain to think of flying ; the swiftest horse, or fastest sailing ship, could be of no 
use to carry us out of this danger ; and the full persuasion of this rivetted me as if to the 
spot where I stood. The same appearance of moving pillars of sand presented themselves 
to us this day in form and disposition like those we had seen at Waadi Halboub, only 
they seemed to be more in number and less in size. They came several times in a 
direction close upon us, that is, I believe, within less than two miles. They began 
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immediately after sunrise like a thick wood, and almost darkened the sun. His rays 
shining threw them for near an hour, gave them an appearance of pillars of fire. Our 
people now became desperate ; the Greeks shrieked out and said it was the day of judg- 
ment ; Ismael pronounced it to be hell ; and the Turcorories, that the world was on fire.'’ 
The ]>roccssion of tall columns of dust, the upper end seeming to vanish off, or puff away 
like light smoke, and the lower apparently touching the earth, is not unusual on the 
larg(‘ plains of New South Wales, in dry weather. They move in a perjiendieular position, 
quietly and majestically gliding along one after anothm*, but really so fast that the fleetest 
horse is unable to keep jiace with them. According to Mrs. IMeredith, when they are 
crossing a brook, the lower portion of the dust is lost sight of, and a considerable agitation 
disturbs the wniter, but immediately on landing the same appearance is resumed. As 
some vanish,” she remarks, “ others imperceptibly arise and join the giant waltz ; and 
when I first observed this most singular display, 1 amused myself by fancying them a new 
species of genii relaxing from their more laborious avo(‘ations, and having a sedate and 
stately dance all to themselves. When the dance ends, these dusty performers always 
a])pear to sit down among the neighbouring hills.” To the same class with tli esc rotating 
and progressing pillars of sand, that singular phenomenon called the waterspout clearly 
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belongs, a whirlwind raising into a columnar mass the waters of the sea, and causing 
the aqueous vapours in the atmosphere to assume the same form, the two frequently 
uniting, the whole presenting a magnificent spectacle. 

The Greeks applied the term Prester to the waterspout, which signifies a fiery fluid, 
from its appearance being generally accompanied with flashes of lightning, and a 
sulphureous smell, showing the activity of the electrical principle in the air. Lucretius 
refers to it in the following terms ; — 

“ Hence, with much case, the meteor may we trace 
Term’d, from its essence, Prester by the Greeks, 

That oft from heaven wide hovers o’er the deep. 

Like a vast column, gradual from the skies, 

Prone o’er the waves, descends it ; the vex’d tide 
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Boiling amain beneath its mighty whirl, 

And with destruction sure the stoutest ship 
Threatening that dares the boist’rous scene approach.” 

Waterspouts exhibit various aspects, but a frequent appearance has been thus described, 
as it has been observed at sea. Under a dense cloud, a circular area of the ocean, in 
diameter from 100 to 120 yards, shows great disturbance, the water rushing towards the 
centre of the agitated mass, from whence it rises in a spiral manner towards the clouds, 
^l yiming a trumpct-shapc, with the broad end downwards. At the same time, the cloud 
assumes a similar form, but the position of the cone is inverted, and its low^er extremity, 
or apex, gradually unites with the upper extremity of the ascending column of water. 
At the point of junction, the diameter is not more than two or three feet. There is thus 
a column of water and vapour formed, extending from the sea to the cloud, thin in the 
middle, and broad at the two extremities, the sides of which are dark, which gives it the 
appearance of u hollow tube. It moves with the wind, and even in calm weather, when 
no wind is perceptible, the position shifts. Sometimes the spout preserves the 
perpendicular in its motion, but frequently, from the wind not acting with equal force 
upon its u[»pcr and lower extremities, or the one being more susceptible of impulsion than 
the other, it assumes an inclined position, and the column is speedily ruptured by the 
unequal velocity of its parts. A few minutes suffices in general for the duration of the 
piienomenon, but several have been known to continue for near an hour. Instances of 
repeated disruption and formation have been witnessed, and in the Mediterranean, as 
many as sixteen waterspouts have been observed at the same time. The mariners of 
former days w’cre accustomed to discharge artillery at these moving columns, to accelerate 
their fall, fearful of their ships being crossed by them, and sunk or damaged — a practice 
alluded to by Falconer in the opening of the second canto of The Shipwreck : but the 
principal danger arises from the w'ind blowing in sudden gusts in their vicinity, from all 
points of the compass, sufficient to capsize small vessels carrying much sail. Waterspouts 
on land ore not uncommon, and in this case there is no ascending column of water, but 
only a descending inverted cone of vapour. Vivid flashes of lightning frequently issue 
from them, and deluges of rain attend their disruption. A remarkable spout appeared 
and burst on Emott Moor, near Coin in Lancashire, in the year 1718, about a mile distant 
from some labourers digging peat, whose attention was directed to it by hearing an 
unusual noise in the air. Upon leaving the spot in alarm, they found a small rippling 
stream converted into a roaring flood, though no rain had fallen on the moor ; and at the 
immediate scene of action, the earth had been swept away to the depth of seven feet, the 
naked rw'k appeared, and an excavation had been made in the ground by the force of the 
water discharged from tlie spout, upwards of half a mile in length. 

It is a time of fear and peril to man and beast when the hurricane developes its giant 
strength, yet, contenii)lnted apart from the probability of some fatal catastrophe, there is 
no scene more intensely sublime in the varied panorama of nature, than that exhibited 
to the senses of sight and hearing, by the dense black masses of clouds that roll in wild 
confusion through the air, the tumultuous aspect of the ocean, the agitation of the woods, 
and the voice of the tempest, varying from the melancholy wail, to the piercingly shrill 
cry and deafening roar, and occasionally combining every kind of intonation in its sound. 
However destructive these extraordinary agitations of the atmosphere — however terrible 
such a situation as that of iEneas on the stormy sea, helpless and hopeless, stretching his 
folded hands to the stars, and lamenting that he had not fallen with fierce Hector on the 
Ilian plains — it is unquestionable, that neither “ breeze, or gale, or storm,” could be dis- 
pensed with in the economy of nature ; for the various forms of life which the common 
air sustains, are preserved in vigour by that conflict of the elements which w^orks oc‘ca- 
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sional disaster. A variety of natural causes in operatioii upon the surface of the globe, 
and in its interior, concur to derange that constitution of the atmos])here which is alone 
salubrious, to vitiate the fluid, convert the medium of life and health into a cause of 
fever, pestilence, and death, thus changing every scene where the machinery of human 
existence is in movement into a Grotto del Cane, completely arresting all its wheels — an 
eflfect which would undoubtedly transpire without an antagonistic influence in constant 
action. In the process of supporting mankind and animals, the atmospliere is deprived I 
of its oxygen, and exhaled in a morbid condition unfit for combustion and the sustenance 
of life ; and the respiration of plants contributes also to its derangement. The exhala- 
tions from the low swampy regions of the earth are a further cause of deterioration, and 
hence the malarious mass to which the Pontine marshes, and similar districts, give birth. 
The provision against the reduction of the atmosphere to a universally disorganised and 
vitiated condition is the currents that prevail in it, which disperse and separate the 
poisonous ingredients, render them innocuous by bringing them into new combinations, 
and thus keep up that due proportion between the component parts of tin; aerial envelope, 
upon which its life-conserving property hinges, yet wdiich the functions of life arc per- 
petually destroying. The ordinary play of the winds, whispering in gentle breezes and 
rushing in powerful gales, has been ordained b}^ the Author of life to subserve this pur- 
pose, and the dread tornado is also an cflicient agent in the regeneration. In its alembic, 
it has been remarked, “ the isolated poisons will be redistilled • by the electric fires 
which it generates, their deleterious sublimations will be deflagrated ; and thus will the 
great Alchymist neutralise the azotic (dements which he has let loose, and shake the 
medicinal draught into salubrity.” The baneful cftects of a stagnant condition of the 
atmosphere are exemplified in the ft^eble physical frame,, and short term of years, of those 
who in the “ city full ” arc cooped up in sites were there is no sufficient ventilation, and 
the inhabitants of many deep enclosed valleys exhibit physical and mental deterioration as 
a consequence of the same cause. The numerous examples of cr(^tinism, or idiocy, with 
goitres, found about the villages and hamlets of the Lower Valais, and the Val d’ Aosta 
in Switzerland, — valleys, which have low marshy spots at the bottom, surrounded by high 
mountains, where the fresh air does not circulate freely, and wh(*rc the reflected rays of 
the sun are very powerful in summer, — Saussurc attributed to the stagnation of the 
atmosphere ; and though such instances of physical deformity and intellectual incapacity 
may be the combined cfifect of various causes, it is in harmony with the known effijct of 
the one referred to, to suppose it materially to contribute to the result. The cagots of 
the deep Pyrenean valleys answer to the cretins of the Alps. 

In closing this notice of atmospheric currents, we refer to observations made upon the 
ordinary winds of Great Britain. From an average of t(in years of the register kept by 
order of the Royal Society, it appears that at London the wind blows annually in the 
following proportions : — 


South-west 


DnyB. 
-112 1 

South-east 

Duyii. 

- 32 

North -east 

. 

- 58 

East - - - 

- 2G 

North-west 

. 

- 50 

South 

- 18 

West - 

- 

- 53 

North 

- 16 

register shows, that 

the south-west wind bloivs at an average more frequently 


and August ; that the north-east blows most constantly during January, March, April, 
May, and June, and most seldom during February, July, September, and December ; and 
that the north-west wind blows oftener from November to March, and more seldom during 
September and October, tlian any other months. At Bristol, the south-west winds arc 
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also most frequent, and next to them are the north-east. At Lancaster, a register kept 
during seven years exhibits the following average results : — 


* South-west 

l>ay8. 

- 92 

South-east 


Days. 

- .95 

North-east 

- C7 

North - 

•• 

- 30 

1 South - - - 

- 51 

North-west 

- 

- 26 

1 West - 

47 

East 

- 

- 17 

An abstract of nine years’ observations made at Dumfries, gives 



South 

n.iy*. 

- 82- 

North 

_ 

Dnri. 

- 36^ 

AVest 

- 69 

North-west 

- 

- 251, 

Kast 

- C8 

South-east 

- 

- 18.i 

South-west 

- 50‘ 

North-east 

• 

- 14] 

Dr. Meek’s observations during 

seven years at Cjimbuslang, near 

Glasgow, show 

South-west 

Pays. 

- 174 

j North-cast 


Days. 

- 104 

North-west 

- 40 

1 Souti»-east 

- 

- 47 


The register from wliieh tliis table is extracted shows the north-east wind to blow most 
frequently in April, May, and June, and the south-west in July, August, and September. 
The next table exhibits a view of the number of days during which the westerly and 
easterly winds blow in a year in diirerent parts of the island, including under the term 
westerly, the north-west, west, south-west, and south, and taking the term easterly with 
the same latitude: — 


Years of 
OliHcrvattons. 

riaees. 

Westerly. 

Easterly. 

10 

I^oudou 

233 

132 

7 

Eatieiisler ------ 

216 

149 

.'ll 

Liverpool ------ 

l‘iO 

175 

9 

DutiilVies 

227-5 

1.37-5 

10 

llranexohn in North uinbcTland - - - j 

232 

1.33 

7 

Cntuhuslang - - - - - j 

' 214 

151 

8 

llawkhill, near Edinburgh - - - -I 

229-5 

135-5 


llVIean 220\9 1 

144-7 


The result given by ProA'ssor Daniell from these and other observations, is, that in Great | 
Britain, upon an average of t(‘n years, the westerly winds exceed the easterly in the 
proportion of to 140; and the northerly winds exceed the southerly as 192 to 173. | 
The winds between north and cast are almost invariably cold; those between south and 
west are warm; and those between north and west of a mixed character. But in our | 
climate, and still farther north, two or three winds arc often found blowing from different j 
points within the distance of a few leagues. j 
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CHAPTER XIV. 

AQUEOUS ATMOSPHERIC PHENOMENA. 

N addition to common air, a combination 
chiefly of tlie oxygen and nitrogen gases, 
united in diflTerent proportions, the atmo- 
sphere contains a mass of invisible vapour 
insinuated between the particles of the 
gases, and filtering through them, in a 
manner wliicli may be compared to that 
of the diflTusion of water through a sponge, 
or visible in the form of fogs and clouds. 
"J'his vaporous atmosphere is the result of 
the ever-active agency of heat and elec- 
tricity, which, by a process of marvellous 
subtility and emn'gy, evaporates the waters 
from tin; surface of the earth, and trans- 
fers them for a time to an acTial home. 
The process is entirely untraceable by the eye of man, but its ju'oduct appears in the 
clouds that arc reared aloft in fantastic shapes, in the mists that occasionally shroud the 
landscape, the rain and the snow that come down from heaven, the dew glistening in tin; 
morning light, and the hoar-frost which adorns the forest with a beauty that throws the 
results of human artistic skill into insignificance. 'J'ho words of the sacred writer are 
philosophically true: ‘‘He callcth for the waters of the sea, and ]K>ureth them out upon 
the face of the earth but tlie supply of humidity furnished to ditferent countries varies 
prodigiously in its amount, and hence other differences as tin; consequence — barrenness 
liere and fertility there — a coinj)ar5itivc solitude abandoned to the occupancy of the 
inferior orders of the animal creation, and a land studded with the homes of peasantry, the 
])ahices of nobles, the halls of scicuice, and the marts of commerce. Though we have 
spoken of the pj-ocess of evaporation as untraceable by the human eye, yet that refers to 
the exhaling agency, Ibr simsible evidence is frequently atlbrded that the ever-operating 
machinery is actually at work before us, in the visible exhalations we behold at early 
dawn, and in the calm evening of a summer’s day. It is generally tlie ease, liowever, that 
the foj*mation of visible vapours takes jdaee in the higher regions of the atmosphere, 
thougli at tlie earth’s level, the metamorphosis of its waters into an invisibly vajiorous 
state is constant, and is iiroccfcding as powerfully when no outward sign of the proc(;sH 
i appears, and the air is perfectly transparent, as when a misty mantle, of featluu'y .slia])C and 
{ ti*\tnr(% rests upon the lakes and rivers, and lies upon the surface of the valleys. 

I It is not merely from the great collections of water in oceans, lakes, and rivers, that 
! evaporation takes place, but from th<; pasture grounds and forests ; and L(;slie makes the 
remark that even ploughed land will supply us much moisture to tlie exhaling fiuid as 
i an equal sheet of water. But the atmosphere is only capable of receiving a certain 
! quantity of vapour in an invisible state, its cajiacity depending upon temperature, and 
being invariable in its ex'tent at the .same temperature. When all the interstices of the 
gaseous fluid are full, it is then said to be at its ])oint of saturation, and any further supply 
of vapour becomes visible in the form of steam or mist. The lower the temperature, the 
greater the condensation of the air and the tightness of its particles, so that only a certain 
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amount of moisture can enter ; but the higher the temperature, the greater the expansion, 
and the consequent capacity of a volume of the atmosphere to entertain the aqueous vapour. 
It has been computed, that a cubic mass of air measuring 40 inches each way, at a 
temperature of 68^ Fahrenheit, can contain 252 grains of water, or, taking a cubic mass 
measuring 20 yards each way, at the same temperature, it will require 252 pounds 
troy of water to bring it to the point of saturation. Various causes contribute to 
accelerate or check the process of evaporation, but other things being equal, it will 
proceed most vigorously, the higher the temperature of the air above that of the surface 
upon which it acts, and be least active when the two temperatures are the same. The 
proc^ess is materially affected by the state of the air as to drynes^ and moisture, for water 
is rapidly evaporated by a stratum of dry air even when the temperature is low, whereas 
it is conducted tardily, if the atmosphere should contain much vapour, although the 
temperature may be high. The process also is powerf ully promoted by the play of the winds, 
which bring the atmosphere into immediate and stronger contact with the moist earth and 
surface waters, and hence every one is familiar with the more rapid drying of the ground 
after rain, when the air is disturbed, than when it is still. 

By the hygrometer, an instrument employed to ascertain the humidity of the at- 
mosphere, as the name signifies, the measure of moisturcy Professor Daniell calculated the 
average annual amount of evaporation in the vicinity of London to be 23*974 inches, 
proceeding at the following rate in the different months : — 


Inchei. Inches. 


January 


0*4 1.'^ 

July 

- 


3*293 

February 



August - 

- 


3 -.327 

March 


1*488 

September 



2-020 

April 


2 -290 

October 

- 


1-488 

May 


3-280 

November 

- 


0-770 

J utie 


n-7co 

December 

- 


0-510 


Tlius, in that locality, evaporation is most active, and the largest amount of water is 
elevated into the atmosphere, in June, the reverse taking place in January. The annual 
evaporation from the whole surface of Great Britain is supposed to be equal to 32 inches 
of water. Now, water extended over tin; surface of the island to the depth of one inch, 
would amount to 309,696,038,000,000 cubic inches, which is equal to 1,116,931,402,691 
imperial gallons, or 4,432,267,441 tons. If we multiply this quantity by 32, we have the 
prodigious sum of 141,832,558,752 tons of water, ascending in vapour every year from 
the face of the country. The power of the agency employed in this operation of nature 
must be tremendous; but equally for its utility does it command attention, as for its 
wondrous potentiality. For supposing this spontaneous evaporation to cease, the world 
being deprived of the elements that cause it, the heavens would drop no fatness ; the 
springs would dry up, and the rivers be exhausted ; the earth would soon be without 
any vegetation to adorn its surface, or any living creature to inhabit its wilds ; the whole 
water of the globe accumulated in the ocean would overflow the land, and submerge its 
now fertile plains. In the temperate zone in general, with a mean temperature of 52J°, 
the annual evaporation is estimated at between 36 and 37 inches ; but in the torrid zone, 
where the temperature is much higher, the annual evaporation is greater. At Guadaloupe, 
one of the West India islands, it has been found to amount to 97 inches, and at Cumana, 
on the north coast of South America, to 100 inches. 

The formation of visible vapours, and their aggregation in masses, take place generally 
in high regions of the atmosphere under the action of currents, in consequence of a 
decrease of temperature and a due supply of aqueous elastic vapour being present in those 
parts where clouds arise. It is easy to perceive that these two conditions, necessary to 
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the production of cloud-land, may be fulfilled in one stratum of the atmosphere and not in 
another, and hence the frequent diversity in the appearance of the sky, the clear blue 
fields and patches of ether alternating with visible vaporous structures. The clouds ore 
supposed to consist of vesicular vapours, or minute globules of water filled with air, but 
there is great difficulty, even with the aid of this view of their structure, most probably 
correct, in explaining their suspension aloft, for the globules must be specifically heavier 
than the air by which they are upborne. The theory of ascending currents of heated air 
has been proposed by M. Gay Lussac to account for their position ; and the retention of 
solar heat in the clouds themselves, buoying them up, and causing them to float, by 
M. Fresnel ; but this is a point respecting which we are left without the guidance of any 
positive data. The clouds float at different elevations, but the higher we ascend, the drier 
the atmosphere is found, and the less loaded with vapours. “ We shall not err much,” 
says Mr. Leslie, “ if we estimate the position of extreme humidity at the height of two 
miles at the pole, and four miles and a half under the e(]uator, or a mile and a half beyond 
the limit of congelation.” Dr. Dalton asserts that small fleecy patches of cloud are 
frequently from three to five miles in height, and such have been observed sailing above 
the most elevated peaks of the Andes, which rise 25,(KX) feet above the level of the sea ; 
but other authorities claim for some visible clouds a still greater elevation. The height 
varies at different seasons of the year, and there is little doubt that it is much more 
frequently below than above a mile. Dalton gives a talile from obscTvations made by 
Mr. Crosthwaite of Keswick, who fixed marks on the side of Skiddaw, a mountain 1050 
yards high, by which he was able to ascertain by inspection the height of the clouds when 
they did not exceed that of the mountain. During five yi^ars he conducbnl observations, 
three times each day, (excepting a few intermissions which amounted only to missing less 
than a week per year. The table gives the number of times, in the respective months, 
that the clouds were at the height stated. The last column gives the number of times in 
which either the clouds were above Skiddaw, or there were no clouds at all. 
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January - 

0 

9 

12 

2H 

53 

no 

37 

32 

30 

39 

36 

116 

431 

February - 

5 

10 

5 

15 

41 

45 

45 

27 

43 

38 

29 

94 

397 

March 

2 

1 

6 

It 

22 

40 

32 

36 

24 

.32 

49 

184 

434 

April - - 

0 

4 

5 

18 

24 

.34 

37 

26 

23 

38 

35 

206 

450 

May - - 

0 

1 

4 

8 

13 

31 

22 

25 

30 

34 

27 

270 

465 

June - - 

0 

2 

2 

6 

24 

24 

29 

21 

34 

41 

34 

233 

450 

J uly - - 

0 

2 

2 

18 

25 

36 

35 

25 

35 

48 

38 

191 

465 

August 

0 

4 

.5 

13 

27 

39 

35 

26 

25 

45 

30 

215 

461 

Scptemlier 

0 

1 

7 

in 

38 

38 

32 

30 

27 

51 

27 

186 

450 

October - 

2 

0 

5 

13 

26 

49 

31 

31 

46 

61 

37 

164 

465 

November 

0 

0 

3 

13 

30 

58 

42 

38 

46 

45 

47 

128 

450 

December 

1 

R 

6 

23 

41 

53 ' 

39 

50 

47 

4G 

35 

111 

4 SO 

Total 

10 

42 

62 

179 

374 

4N6 

416 

.367 

410 

518 

409 1 

2098 

5381 


It thus appears, that, for 12 times that the clouds were from 200 to 300 yards high, in the 
month of January during the five years, there were 36 times in which they were from 
1000 to 1050 yards high ; and for twice that they were at the former elevation in the 
month of June, there were 34 times in which they were at the latter. 

The forms assumed by the clouds are so infinitely diversified, as to render it apparently 
hopeless to attempt their arrangment in a few general modifications. But a classification 
has been made with some success, which reduces these varied aerial objects into seven 
genera, each of which is susceptible of such perspicuous description as to be readily 
recognised, and referred to its ajipropnate class and name. Mr. Luke Howard’s ingenious 
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scheme is now universally adopted, which will be briefly given, placing Mr. Foster’s 
English names heside the Latin nomenclature of the former writer. 

Fig. 1. Cirrus-^ Curlcloud, This form of cloud exhibits light, flexuous, or diverging 
fibres, sometimes shooting out from a nucleus in all directions, resembling a lock of hair, 
or a crest of feathers. The name refers to this feature of its external character. It 
occurs, however, in parallel bars, or thread-like lines, spanning a vast extent of the atmo- 
sphere, the whole breadth of the sky being insufficient to show the extremities. Other 
lines also are occasionally presented, crossing these at right or oblique angles, as in a piece 
of network. In the former condition we have linear cirrusy and in the latter reticular 
cirrus. These are the cobwebs of the sky. They frequently appear stretching their 
white and delicate fibres between the dark and dense masses, as if spun to connect them, 
though really distinct and far separated. The cirri appear in the higher regions of the 
atmosphere, and are the most elevated of the clouds. Viewed from the summits of high 
mountains, while the traveller looks down upon other forms of cloud, he beholds these 
still above him, and apparently at as gr(*at a distance as when seen from the plains. The 
appearance of true cirrus, or curlcloud, is supposed to indicate variable weather ; when 
most conspicuous and abundant, to presage liigh winds and rain ; and when the streaming 
fibres liavc pointed in a particular direction for any length of time, the gale may be 
expected to blow from that quarter. 

Fig. 5. Cumulus — Stackencloud. This modification of cloud occurs in the lower 
regions of the atmosphere, and is easily recognised. It is commonly under the control of 
the surface winds, and frequently exhibits a very magnificent ap[)earance. It consists of 
a vast hemispherical or conical luiap of vapour rising gradually from an irregular horizontal 
base, and increasing upwards. Hence the names, cumulus, a pile or heap, and stackencloud, 
a number of detached clouds stacked into one large and elevated fabric. Cumuli are the 
accompaniments and prognostics of fine weather. They begin to form soon after sunrise, 
from irregular and scattercnl specks of cloud, whicli then appear at a moderate elevation, and 
arc the nuclei of the ultimate formations. As the morning advances the nucleus enlarges, 
or several coalesce, and early in the afternoon, when the temperature of the day is at its 
maximum, the euruulus attains its greatest magnitude. The cloud decreases as the sun 
declines, and is usually broken up towards sunset, rapidly separating into fragments, after 
the manner of its construetion. The cumulus may be called the cloud of day, from the 
interval between nioriiirig and evening generally measuring the term of its existence. 
Its appearance considerably varies in the detail, and often exhibits a brilliant silvery 
light, und a copper tinge, when in opposition to the sun, indicating a highly electrical con- 
dition of the atmosi)here. 

Fig. 7. Stratus — Fallclntid, The former name, meaning a bed or covering, alludes to 
the position occupied by this cloud, immediately contiguous to the surface of the earth ; 
and the latter to its origin, by the subsidence of vapour in the atmosphere. Unlike the 
cumulus, it eminently belongs to the night, appearing at eventide, reaching its maximum 
density soon after midniglit, and commonly vanishing with the opening morn. This class 
of clouds comprehends all those fogs and creeping mists, which, in the calm evenings of 
hot summer and autumnal days, appear spread like a mantle over the surface of the 
valleys, plains, lakes, and rivers. The Roman poet lield the nocturnal visits of the stratus 
to the low er levels to be an indication of continued fair w’^eather : — 

“ Then mists the hills forsake, and sliroud the plain,” — 

a meteorological axiom, founded upon the popular experience, as true now as in the days 
of Virgil. The dissipation of the stratus does not always take place wdth the opening 
morn, no more than the wreck of the cumulus with the return of night, though in both 
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cases this is the general rule. It sometimes survives throughout the entire day, or 
maintains a successful conflict with the solar beams to an advanced period of the morning, 
accumulating first in heaps, then separating from the earth, and losing its eontinuity, 

before retiring fi‘om the field. The 
effect is striking, when from an 
eminence which commands a vi(?w of 
an extensive plain or valley, we se (5 
this gossamer curtain of the night 
resting upon the surface, gradually 
rent and torn by the action of the 
sun’s rtiys, reflecting as it disappt*ars 
their golden hue. JMany of the most 
felicitous images of poetry are derived 
from this source, as in Ossiun ; — 
“ The soul of Natlios was sad, like 
the sun in a day of mist, when his 
luce looks watery and dim ; ” and 
again, when two contending factions 
are silem^ed by Cathmor: — “ 'J’ht'y 
suidv from Iht^ king on eitluT side, 
like two columns of morning mist, when the sun rises between them on the glittering 
rocks.” 

The stratus is occasionally seen under peculiar and striking circumstunc<‘s, extending 
over the surface of a sheet of water, without passing the boundary of its hunks, 'riins a 
lake or river will cxliibit a white cloud of visible vapour resting upon it, from which the 
adjacent land is perfectly free. When in the neighbourhood of Loch Achray, well known 
to the readers of Scott, 

“ The minstrel came once more to view 
'i'lie eastern ridge of JJcii-vennc, 

For, ere he partetl, he would say 
Farewell to lovely I.oeh Achrnv — 

Where shall he find, in foreign land. 

So lone a lake, so sweet a strand ? ” 

at the close of a calm and warm September day, the expanse was nearly cov(?red with a 
beautiful stratum of mist, while the atmosphere of its borders presented no trace of visible 
vapour. Mr, llarvtjy repeatedly observed a similar cloud hovering over the stream whitdt 
supplies Plymouth with water, whose boundaries on a culm night would exactly coincide, 
with the banks of the stream, however winding and irregular its outline. Sir Murnpln’cy 
Davy thus explains this curious phenomenon : — “ All persons who have been accustomed 
to the observation of nature, must have frequently witnesstid the formation of mists over 
the beds of rivers and lakes in culm and clear weather after sunset ; and whoever has 
considered these phenomena in relation to the radiation and communication of heat and 
the nature of vapour, since the publications of MM. Ruraford, Leslie, Dalton, and Wells, can 
hardly have failed to discover the true cause of them. As, however, I am not aware that 
any work has yet been published in whicli this cause is fully discussed, and as it involves 
rather complicated principles, I shall make no apology for offering a few remarks on the 
subject to the Royal Society. As soon as the sun has disappeared from any part of the 
globe, the surface begins to lose heat by radiation, and in greater proportions as the sky 
1 is clearer ; but the land and water are cooled by this operation in a very different manner : 

the impression of cooling on the land is limited 1o the surface, and T(*ry slowdy transmitted 
' II H 
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to the interior ; whereas in water above 40^ Fahrenheit, as soon as the upper stratum is 
cooled, whether by radiation or evaporation, it sinks in the mass of fluid, and its place is 
supplied by water from below, and till the temperature of the whole mass is reduced 
to nearly 40° Fahrenheit, the surface cannot be the coolest part. It follows, therefore, 
that wherever wat(!r exists in considerable mass, and has a temperature nearly equal to 
that of tlie land, or only a few degrees below it, and above 40° Fahrenheit at sunset, its 
surface during the night, in calm and clear weather, will be warmer than that of the con- 
tiguous land ; and the air above the land wdll necessarily be colder than that above the 
water ; and when they both contain their due proportion of aqueous vapour, and the 
situation of the ground is such as to permit the cold air from the land to mix with the 
warmer air alK)ve the water, mist or fog will be the result.” He thus accounts for the 
formation of mists over water, by the difference in the rate of cooling, in the absence of 
the sun in fluid and in solid bodies. The atmosphere reposing on the water continues 
warmer after sunset on a eh;ar night than the air of the adjoining land. It obtains also a 
greater supply of moisture from its position over an aqueous surface, which is condensed 
into visible vapour by the colder air of the land intermingling with it. On descending 



Durronatdn on the Danube. 


the Danube during the three nights of fhine 9th, 10th, and 11th, 1818, Sir IL Davy 
observed, that the mist regularly appeared over the river in the evening, when the tem- 
perature of the air on its banks was from 3° to 6° lower than that of the stream, and that 
it as regularly disappeared when the temperature of the air on the banks surpassed that 
of the river. Below Passau, where the milky blue waters of the Inn, and the perfectly 
pellucid Hz join the green current of the Danube, he found their temperature and that of 
the atmosphere on shore, with the appearance of the rivers, as follows, at six o’clock in 
the morning : — 


Temp, of the Air 
on the Bank*. 

54 ® 


Temp, of the Rivera. 
DHnul>e, C2® 
Inn, 

Ilf, 56® 


State of the Riven. 

Tliick fog on the whole breadth. 
Slight mist. 

Haainess. 
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About a hundred yards below the junction, the temperature of the central part of the 
Danube was 59°, and here the quantity of mist was less. The evening of June 1 2th was 
cloudy, preventing radiation, and the temperature of the atmosphere remained till nflcr 
dark higher than that of the river, when there was not the slightest appearance of mist. 
Similar observations were made on the Rhine, the Save, the Izonzo, the To, the Tiber, 
and on the small lakes in the Campagna of Rome, and in no instance was there the form- 
ation of mist, but under the circumstances which have been detailed. 

2. Cirrocumulus — Soriderdoud * — This is a form of cloud of an intermediate nature 
between the cirrus and cumulus, and hence its Latin compound name. The cirrus, after 
having exhibited itself for a time, frequently passes into this modilication, descending at 
the same time to a lower station in the atmosphere. Its parallel bars arc broken into a 
number of small cumuli, of irregular shape, but generally orbicular, arranged in exten- 
sive beds, the component parts being quite distinct, or asunder, which ex})lains the Saxon 
derivative title, the sondercloud. The previous aj^pearance of the cirrus is not, however, 
necessary to the production of cirrocumulus, which often starts into existence inde})end- 
ent of any other modification. Tlie prevalence of tliis cloud in siunnier augurs an 
increase of temperature ; and in winter, the termination of frost. Sonietiines its dil- 
ferent members arc of very regular round form, dense structure, in close (‘ontact with 
each other, and arranged on a curved base, in which state the cirroeunuilus is commonly 
the natural harbinger of thunder-storms. In another variety, the small maHS('s of cloud 
exhibit no uniformity of shape, and uj)pear of a very light fleecy t(‘xture. llloom field’s 
description of this cloud, — 

“ The beauteous setublauce tif a ilock at rest," — 

aptly pictures its aspect at night in the presence of the moon. 

3. Cirrostratus — PFaneeloud, — These names point to the frctiucnt origin and form of 
the cloud they indicate. It results from fibres of the cirrus waning or subsiding in the 
atmosjiherc, drawing closer to each other, and becoming arranged in horizontal strata. 
The cirrostratus exhibits several varieties : — a series ol‘ thin, inclined, and wavy 
streaks ; a row of short thick patches of cloud ; and a long horizontal sheet, very 
narrow in proportion to its extent, and attimnatcd at tlio edges. The appearance 
and prevalence of this cloud indicate wind, rain, or snow ; and the second arrungtnnent 
of it generally precedes storms, or occurs in tlie intervals of them. It is sometimes seen 
cutting the sun and the moon’s disc with a dark line, or hanging over tliem like a thin 
hazy veil, one of the surest prognostics we have of a fall of rain or snow. Virgil in Jiis 
Georgies gives it this interpretation : — 

“ Or should his rising orb distorted shine 
Through spots, or fast behind a cloud’s dark line 
Retire eclipsed ; tlicn let the swain prepare 
For rainy torrents ; a tempestuous air 
.Swift from the southern deep comes fraught with ill, 

The corn and fruits to waste, the flocks to chill.” 

4. Cumulostratus — Twaincloud . — This is the most magnificent form of cloud, na cirro- 
cumulus is one of the most beautiful. It is formed either by two or more cumuli uniting 
together, or a single cumulus increasing laterally, so as to exhibit several vast hemispherical 
heaps overhanging the base. These mountainous masses form a multiple or twaincloud, 
and resting upon a common stratum are called cumulostratus. Nothing can be more im- 
posing than the spectacle occasionally presented by these compound clouds, which the eye 
is disposed to contemplate as the architecture ami borne of giant spirits. The formation 
of cumulostratus takes place under different temperatures, and may precede a tempest of 
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snow, and a thunder-storm. It is the common lierald of the latter, and may be seen 
rapidly forming during the calm which precedes a discharge of electricity, swelling to a 
stupendous magnitude, its protuberances, like the domes of an aerial city, shining with a 
strong silvery or golden light, finely contrasting with the darkness and density of its cen- 
tral regions. Borne by the currents of air, the cirrostratus is often conducted towards 
the summit of cumulostratus, and appears cutting through its whole extent. 

5* Nimbus — Raincloud . — Any of the preceding modifications of cloud may so increase 
as to veil the sky completely, and put on an appearance of density, from which an expe- 
rienced observer will augur rain. But they frequently dissolve without any shower, and 
no rain falls till another modification has been experienced, which commonly occurs in 
the case of cumulostratus. After exhibiting a great increase of density, and assuming a 
louring aspect, the blackness of darkness is followed by a lighter shade, evidencing a 
fresh disposition of the aqueous particles in the cloud, or the formation of nimbus, from 
which ruin falls. This change may frequently be very distinctly observed when the 
cloud is over a distant spot ; and the transition from considerable blackness to a gray 
obscurity is sure evidence that the shower has commenced, and may be expected to 
rcacli the locality of the spectator, should the wind be blowing in his direction, and the 
nimbus not be previously extinguished. Hence Virgil’s reference to the husbandmen 
anxious to gather in the harvest : — 

** So while far off at sea the storni>cIou(i lours, 

And on the darken’d wave its fury pours, 

• Mid crops unreap'd the hapless peasants stand, 

And shuddering view its rapid course to land.” 

The nimbus — the least interesting modification of the clouds to the eye — is first in point 
of attraction when the rainbow appt;ars upon its front. The precipitation of the aqueous ! 
vapours to the earth in the form of rain, is caused by contending aerial currents com- • 
mingling saturated strata of different temperatures, jrromoting a condensation of the | 
partiedes beyond what the air is capable of supporting, when the resulting mass gives out ' 
a }iortion of its moisture, which descends hy^ its own gravity in rain, snow, or hail, I 
according to tlm tenii>craturc of those regions of the atmospln.-re which it has to traverse. I 
This is the lust stage of an extensive pilgrimage which the evaporating forces in action ! 
constrain the waters of the globe to undertake through localities apart from its surface — j 
n pilgrimage in which there is no halt, and which some portions of the elemciiit are per- I 
petunlly completing, eommeneirig, and pursuing. How diflereiit and far apart the sites 
which are the starting and leniiinating ptu'nts of the journey ! Kxhaled from the surface 
of n ruflh‘d ocean or Irampiil lake, the aquecnis particles ascend invisibly into the upper 
air, w’here they are calh’d into sensible existence by a change of temjierature, and arc ' 
built up into the varionsly-fonned boantiful and majestic clouds. Tliese are wafted by ! 
the atmospheric currents far apart from the scene of the ascension, change their shape | 
and din^ction at the will oi’ the winds, pass into a state of invisibility, and again emerge ! 
from it as warmer or cooler strata are encounten‘d in their aerial flight, till, perha})s, a 
thousand leagu(*s away from the s[)ot where tln^ liquid element assumed its vaporous j 
form, that combination of eireuinstanees occurs, which reduces it to its original condition, 
and deposition ensues upon some thirsty prairie or parching field. 

Tlie. copiousness and energy of rain depend upon the amount of vapour in the atmo- 
sphere, and the gradual or rapid manner in which its particles are brought into mutual 
contact. We have a slow drizzle in the one case, and a violent shower in the other. The 
drops of rain vary in size, according to Leslie, from the twenty-fifth to the fourth of an 
inch in diameter. He remarks, that in parting from the. clouds, their de*scent accelerates, 
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A Thunder Storm. 


till the resistance opposed by the air becomes etjual to their weight, when they continue 
to fall with an uniform velocity. The voloeity bears a certain ratio to the diameter of the 
drops; those of a thunder shower, which are large, pouring down faster than those of an 
ordinary rain. The celerity of a small drop, ^'^th of an inch in diameter, he estimates at 
11^ feet per second, upon acquiring its nniforin velocity ; that of a larger one, ]th of an 
inch, at feet. A great number of experiments have verified the remarkable circum- 
stanee, that a greater quantity of rain falls upon a low site than upon one a little elevated 
above it. Thus a rain-guage placed at the bottom of a hill, will collect a larger amount 
of water in a given time than another placed upon the summit. Dr. Ilciberden found that 
the annual depth of rain at the top of AVestrninster Abbey was 12’()1)9 inches; at a lower 
altitude, on the top of a neighbouring hou.se, it was 18* 1119 inches; and on the ground, in 
the garden of the house, it was 22*008 inches. M. Aj*ago gives a similar result, from 
observations mad(* during ten years at Paris. On the terrace of the Observatory the 
annual depth wius oO*47l centimetres, or 19*88 inches; while thirty yards below, in the 
court of the building, it was 56*371 centimetres, or 22*21 inches. Comparing, however, 
an extensive tract of mountainous country with a low level district, the annual fall of rain 
in the former greatly exceeds that in the hitter, though contrary to the natural pre- 
sumption suggested by the fact, that the lower region.^ of the. atmosphere are much more 
saturated with vapour than the upper. At Keswick in Cumberland — a mountainous 
district — the average annual depth of rain i.s 67*5 inches, while on the sea-coast it is not 
half that amount. On the Great St. Bernard it is 63*13 inches, and at Paris only 21*26. 
The description of tTudea by the sacred writer, contrasting it with tin*, flat lands of Egyjit, 
though not intended to he philo.sophic, is in harmony with the teaching of science. respi.*ct- 
ing the important part performed by mountains in tin? general c*conomy of the earth: — 
“ For the land whither thou goest in to possitss it, is not as the land of Egypt, from 
whence ye came out ; but the land w liither ye go to possess it, is a land of hills and val- 
leys, and drinketh water of the rain of lieaven.” By arresting the course of the clouds, 
and producing a condensation of aqueous vapour when a warm current of air lights upon 
their cold summits, the elevations contribute to precipitate the moisture of the atmo- 
sphere, often amid a terrible display of electric phenomena — a blaze of fiery honours, 
and the echo of heart-thrilling sounds. 

The annual amount of rain is the greatest between the tropics, and diminishes in 
general with the distance from the equator ; but the number of rainy days is greater in 
high latitudes than in the torrid zone, owing to the showers in the latter region being 
more violent and prolonged. From north latitude 12® to 43® the i.wcan number of rainy 
days is 78; from 43® to 46® the mean is 103; from 46® to 50® it is 134; and from 50® 
to 60® it is 131. By a comparison of observations made during twenty years at Salem 
and Cambridge in Massachusetts, with observations in twenty cities of Europe, it appears 
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tliat the number of rainy days is considerably more in the latter case, though the lati- 

J j. 


Salem 

Rainy. 

95 

Fair. 

173 

Cloudy. 

90 

Cambridge 

88 

— 

69 

European cities 

122 

64 

113 

Cincinnati 

- — 

176 

105 


Generally tlie quantity of rain is greater in summer than in winter; but in the 
temperate zones, the showers are more frequent in winter, though less abundant, than at 
the opposite season. Thus at St. Petersburg the number of rainy or snowy days during 
the winter is eighty-four, and the quantity of rain that falls about five inches ; but during 
tlie summer, witli the same number of rainy days, the quantity that descends amounts to 
eleven inches. The discrepancy is immense between the tropics in the amount of rain in 
different months. At Boml)ay, the mean depth has been found by the pluviometer, or 
rain-gauge, to be 24 inches in June, and 1*26 inch in October. In extra-tropical climates 
the discrepancy is far less ; but the last six months of the year appear to yield a larger 
supply of rain than the first. Forty years* observations made at London, give 

From January to July inclusive - - - 8*5S9 inches. 

From July to December inclusive - . - 12*147 


The respective contributions of the diflTerent months with us are thus stated by Professor 


Daniel! : — 


January - 



Inchei. 
- 1 483 

February - 



- 0*746 

March 



- 1 *440 

April 



- 1 *786 

May 



- 1 *853 

June 

. 

. 

- 1 *830 


July 



Inches. 
. 2*516 

August - 


- 

- 1 *453 

September 


- 

- 2*193 

October - 



- 2*073 

November 


- 

- 2*400 

December 


. 

. 2-426 


According to this table, the smallest depth of rain falls in February, and the largest 
in July. It is true of many places, though not perliaps generally, that the diurnal fall of 
rain is the greatest during those hours that the sun is below the horizon. 

The average (juantity of rain in the subjoined latitudes, with the mean temperature, is 
stated by Humboldt, ns follows : — 


Under the equator - 

- 

- 

- 81 *5 mean temp. - 

- 96 inches. 

North latitude 

19 ° 


- 79*25 

- 80 

— 

45 ° 


- 68 

- 27} 

— 

60 ° 

- 

- 38} 

- 17 


The occurrence of rain in tropical countries is a seasonal event, the year being divided 
into two periods of excessive drought and abundant showers, the sky remaining almost 
perfectly unclouded during the former season, and then becoming completely overcast at 
intervals during the latter. Districts situated north of the equator have their wet season 
from April to October, when the sun is in the northern half of the ecliptic, the reverse 
occurring on the south of the line. This is a remarkable instance of beneficial 
arrangement ; for the rays of a vertical sun would be insupportable but for the screen of 
cloud which is coincidently expanded. 

In some parts of the American continent, and in the W^est Indies, two wet seasons 
mark tlie year ; but one is of much shorter duration, and has lighter showers, than the 
other. Two periods of rain are also mentioned in relation to Judea; the “first** or 
autumnal rains, which fall in seed-time, towards the close of October ; and the “ latter** 
or spring rains, which fall in April, after the cold season. “ I will give you the rain of 
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your laud in his due season, the first rain and the latter rain, that thou mayest gather 
in thy corn, and thy wine, and thy oil.” These two seasonal events were ot* vast 
importance to the Jews, though it is a mistake to suppose tliat rain seldom falls in 
Palestine except at those eras. It falls copiously then, and also occasionally through the 
winter months, its entire cessation being in the interval between May and October. 
Prominence is given to the two rains referred to, on account of their abundance, and 
especially the time of their occurrence, the success of the agriculturist depending in a 
great measure upon those plentiful show ers. The periodical tropical rains do not fall I'or 
any considerable time without an intermission. After a line morning, the clouds in 
general gather towards noon ; the shower descends with great violence for four or five 
hours ; and towards sunset, the sky clears, and remains cloudless through the niglit. 

There is a considerable diversity in the amount of rain during the wet seasons in 
tropical countries, at different places, and in different years. In the ten years from 1817 
to 1826 inclusive, at Bombay, the average annual quantity was 78*1 inclies; but in the 
course of 1822 there fell 113 inches, while in 1824 the supply did not rise above 34 
inches ; and hence came famine and pestilence. At Bombay, also, the gauge has received 
as much as 16 inches of the 78 in the course of tw'enty-four hours ; and while, there, the 
average annual quantity is as stated above, at Tellicherry, 12^^ north latitude, it is 116 
inches, and in the delta of the Indus not more than 20 inches. There is great discrepancy 
between the amount at Calcutta and Benares ; 72 inches at the former place, and only 46 
at the latter. The greatest fall in those districts appears to take place on the eastern 
boundaries of the Bay of Bengal, where, in 1825, at Arracan, nearly 60 inches were 
registered in the month of July, and about 43 in August, from which, by a rough esti- 
mate, the annual amount is inferred to be not less than 200 inches. A more extraordi- 
nary quantity appears to fall in certain sites on the western continent, as in the forests of 
Guiana, where incessant rains of four or five months are no uncommon occurrence. ITie 
most remarkable instance of excessive rain is mentioned by Humboldt, upon the autho- 
rity of Captain Roussin, who states that more than 160 inches have fallen at Cayenne in 
the single month of February. Erxleben mentions drops of rain at the equator occasion- 
ally an inch in diameter. 

All countries however situated within and near the tropics are not thus favoured, as 
many parts of Africa, Arabia, and the coast of Peru are entirely rainless ; and at Cumana, 
the annual quantity of rain does not amount to more than eight inches. The rainless 
regions seem to occur in two belts, one on each side of the equator, which would be 
consecutive but for the interruption of high lands, the nursery of the showers. The north 
belt commences in the old world on the w est side of Africa. It includes the Sahara 
between 16° and 28° of latitude, but narrows as it proceeds easterly, extending from 19° 
to 27° on the banks of the Nile. In Arabia, it embraces the low coast, and part of the 
interior country, but its limits are not accurately known. From hence it passes through 
Beloochistan to the base of the Himalaya mountains, and beyond that range, there is tJie 
rainless table-land of Thibet. The southern belt occurs north of the Gareep or Orange 
river in South Africa, and includes extensive tracts in Australia. On the continent 
of America, rainless districts are found north and south of the equator, but the narrowness 
of the tropical parts of the continent, and the range of mountains that traverse it 
longitudinally, prevent the appearance of a showerless zone, as in the northern part of the 
eastern world. In both continents likewise the districts whicli have their periodical 
rains are subject to an occasional intermission, and become rainh^ss for considerable 
intervals, the drought indicting terrible suffering upon man and beast. Mr. Darwin 
speaks of the South American droughts being somewhat periodical, for upon comparing 
the dates of several, he found regular intervals of fifteen years between them. The 
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period included between the yenrs 1827 and 1830 bears the name of the ffran seen, or the 
great drought, in the state of Jluenos Ayres ; and on account of the light it throws on 
the cases where vast numbers of animals of all kinds have been found imbedded together, 
Mr. Darwin’s record of it has great interest “ During this time,’’ he remarks, “ so little 
rain lell that the ve.getation, ev(;n to the thistles, failed ; the brooks were dried up, and the 
whole country assumed the appearance of a dusty high road. This w'as especially the 
case in the northern part of the province of JJuenos Ayres and the southern part of St Fe. 
Very great numhers of birds, wild animals, cattle, and horses [)erished from the want of 
food and wat(!r. A man told me that the deer used to come into liis courtyard to the 
well, which h(i had been obliged to dig to supply his own family witli water; and that the 
j>artridg<*.s lia<l hardly strength to fly away when pursued.” Captain Owen, in the account 
of his surv<*ying voyage, relates a similar effect of drought on tlie elef)}iants, at Benguela, 
fui the west coast of Africa. 'J'h<^y invaded the town in a body, to get possession of the 
wells, not being able to procure any water in the country. A desperate battle ensued 
hetw(*en th(i inliahitants, amounting to nearly tliree thousand, and the animals. It 
terminated in the defeat of the latter, hut not until they liad killed one man, and maimed 
a great numlu'r. Dr. Malcolmson also states, that during a drought in India, the wild 
animals eiitenjd tlu^ tents of the troops at Ellore, and that a hare drank out of a vessel 
lield by the adjutant of the regiment. 

The lowest estimation of the loss of cattle in the province of Buenos Ayres alone, was 
taken at one million head. A proprietor at San Pedro had previously to these years 
2(),(KK) cattle ; at the end not one remained. San Pedro is situated in the middle of the 
finest country ; and even now abounds again with animals ; yet during the latter part of 
the gran seco^ live cattle were brought in vessels for the consumption of the inhabitants. 
The animals roused from their cstancias, and wandering far southward, were mingled 
together in such multitudes, that a government commission was sent from Buenos Ayres 
to settle the disputes of the owners. Sir Woodbine Parish informed me of another and very 
curious source of dispute ; the ground being so long dry, such quantities of dust were 
blown about, that in this open country the landmarks became obliterated, and people 
could not tell the limits of their estates. I w^as informed by an eye-witness that the 
cattle in herds of thousands rushed into the Parana, and being exhausted by hunger, they 
were unable to crawl up the muddy banks, and thus were drowned. The arm of the 
river which runs by San Pedro was so full of putrid carcasses, that the master of a vessel 
told me that the smell rendered it quite impassable. Without doubt several hundred 
thousand animals thus perished in the river ; their bodies wlien putrid were seen floating 
down the stream ; and many in all probability were deposited in the estuary of the Plata. 
All the small rivers hooame highly saline, and this caused the death of vast numbers in 
particular spots ; for when an animal drinks of such water it does not recover. A«ara 
describes the fury of the wild horses on a similar occasion, rushing into the marshes, those 
which arrived first being overwhelmed and crushed by those wdiich followed. He adds, 
that more than once he has seen the carcasses of upwards of a thousand wild horses thus 
destroyed. I noticed that tlie smaller streams in the Pampas were paved with a breccia 
of bones, but this probably is the effect of a gradual increase, rather than of the destruction 
at any one period. Subsequently to the drought of 1827 to 1832, a very rainy season 
followed, which caused great floods. Hence it is almost certain that some tliousands of the 
skeletons w^ere buried by the deposits of the very next year. What would be the opinion 
of a geologist, viewing such an enormous collection of bones, of all kinds of animus and 
of all ages, thus embedded in one thick earthy mass ? Would he not attribute it to a 
flood having swept over the surface of the land, rather than to the common order of 
things ? ” 
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An interesting table, given by Dalton, throws light upon the phenomena of rain and 
wind in our own country. It states, for one year, the number of days that each wind 
prevailed at London ; the quantity of rain that fell during its prevalence ; and tlie rela- 
tive Jiumidity of the winds, or the quantity of moisture which eacli would deposit in the 
same space of time. 


Willll*. 

Days. 

Rain. j 

Humidity. 

Wind*. 

j Days. 

Rain. 

Humidity. 

North 

22i 

— 1 

0-.327 

11 

N. West 

39^ 

2 391 

48 

Soutii 

21' 

0-251 

9 

S. East 

32' 

0-944 

22 

Last 

n 

0*168 

12 

N. East 

72 

2-148 

23 

West 


1 907 

82 

S. West 

148 

18-975 

KX) 


Thus two-thirds of the rain that fell during the year at the Meti\)p()lis, the whole 
amount being 27*11 indies, fell with the south-west wind. The west wind was the next 
in point of liuinidity, but this is the rarest after the cast wind in our locality, while the 
north and south winds were the driest. We should naturally expect the gales that blow 
from the Atlantic Ocean to bring a more abundant supply of vapour than those which 
proceed from the direction of the European contiinuit, and also anticipate that the south- 
western counties of England, first experiencing tlicir influence, would be the scene of the 
most co})ious rains. Tlie preceding table confirms the former presumption, and from 
observations made at Ptmzance in Cornwall, it appears that the rains wliieli accompany the 
west and south-west winds at that place exceed in the ratio of about three to one those 
produced by the easterly breezes. Mr. Leslie expresses the opinion, founded upon a com- 
parison of data obtained from various sites, that as much rain falls on tho western, 
as falls on the eastern side of the island. The smallest observed quantity is 19*5 
inches for the year at Upminster in Essex ; the largest is 67*5, at Keswick in Cumberland. 
A report presented at the meeting of the British Association for the present year, containing 
the amount of rain with the different winds for five consecutive years at Toomanara, near 
Limerick, confirms the preceding statements respecting the humidity of the winds from the 
Atlantic, which, in that locality, include the south, south-west, and west. The following 
are the yearly mean results deduced from the whole series of observations;— 

South. &We*t. We«t. N. Weit. North. N.Ee»t. Ewt. S.Ewt. ToUl. 

6*548 10*639 6-034 2*78^ 2*352 2*172 2*251 3*173 35*968 inches. 

Dalton estimates the average annual quantity of rain for the whole of England at 31*3 
inches, but this has been deemed too high. Mr. Leslie rates it at 30 inches ; and, 
according to this estimate, 1,944,633, or nearly tw^o millions of tons of water, are annually 
discharged from the clouds on every square mile of surface, or 3000 tons for each English 
acre, a quantity equal to 630,000 imperial gallons. 

Taking a larger area of our part of the hemisphere, Professor Schow estimates the 
annual amount of rain north of the Alps to be 26 inches, and 37 inches south of the chain , 
but it must be remembered that the greater proportion of snow falls on the northern 
side. 

It may be useful and interesting to throw into a tabular form the results of observations 
respecting the yearly deposit of water in different parts of the globe. 


Sweden 

Russia 

England 


Upsal 

St. Petersburg 
London - 
Manchester 
* Liverpool 
Dover 



Inch(*i. 




Inches. 


- 16-92 


Norwich - 

- 

- 25*5 


- 18*11 


Upminster 

- 

- 19*5 


- 22*7 


Kendal - 

- 

- 60 


- 33*07 


Keswick - 

- 

- 67*5 


- 33*85 

Scotland 

Edinburgh 

- 

. 22 

• 

- 37-4 


Glasgow - 

- 

- 22*32 
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Inches. 



Iiiches. 

Irdand 

Dublin - 


. 22-2 


Pisa - 

- 48*82 


Limerick • 


. 35 


Genoa - 

- 55*n 

Holland 

Hague 


- 28-4 


Tolmezzo ( Friuli) 

- 86-61 


Utrecht - 


- 28-74 


Confugnana (Apennines) 97*24 


Leyden - 


. 31-49 

Spain 

Carsagnana 

- 98-07 

Switzerland 

Zurich 


- 33-85 

East Indies 

Bombay 

- 78-1 


Geneva - 


- 51*18 


Calcutta 

- 72 


St. Uemard 


- 63-13 


Benares 

- 46 

France 

Paris 


- 21-26 


Tellichery 

- 116 


Lisle 


- 29-92 


Arracan 

- 200 


Metz 


- 26-37 


Delta of Indus 

- 20 


Caen 


- 21-65 

West Indies 

St. Domingo - 

- 120 


Lyons 


- 33*07 


Grenada 

- 112 


Grenoble - 


- 34-25 

United States 

CharkMiton 

- 54 


Montpelier 


- 29*92 


Cincinnati 

- 36 


Rennes - 


- 22*44 


Frankfurt. Kentucky 

- 54 


Idmogcs - 


- 29-16 


Williamsburg - 

- 47 


Evreux - 


. 21*65 


Cambridge 

- 47 

Germany 

Berlin 


- 20*6 


Rutland, Vermont 

- 41 


Wurtemberg 


- 17-71 


Brunswick 

- 40 

Itoly 

Rome 


- 21*26 


Philadelphia - 

- SO 


Naples 


- 37*40 

Brazil 

Maranhao 

. 280J 


Venice 


- 31*89 

Venezuela 

Cumana 

. 8 


Milan 


- 37 

Africa 

Algiers 

- 29*2 


Padua 


- 39*76 





A considerable portion of aqueous vapour in the atmosphere is frozen in the cold season 
in extra«tropical latitudes, and the particles of ice uniting together in their descent become 
converted into flakes of snow, and cover the surface of the earth with a mantle of the 
purest white, stretching over bush and brake, lawn and mountain. Snow, examined with 
the aid of a microscope, exhibits structures of exquisite beauty, regularity, and endless 
variety, though it sometimes presents no peculiarity of form, but falls in very minute 
globular particles. Commonly a snow-flake consists of a series of crystals formed inde- 
pendently in the upper regions of the air. These are united in groups while descending 
through the atmosphere, by its agitations striking th^ against each other. The flicker- 
ing and gradual descent of the flakes is owing to their great extent of surface in comparison 
with their volume. A number of brilliant icy spiculac, or points diverging from a common ' 
centre, resembling stars having so many rays, apparently wrought with the nicest art, is ■ 
the usual form of the crystals, which are for the most part hexagonal, presenting a nucleus 
with six divergences. This stelliform shape is the ordinary appearance of snow, but the | 
detail varies, as in the adjoining illustration. Dr. Fj, D. Clarke, speaking of the breaking | 
up of the winter season at St. Petersburg, remarks: — “Snow, in the most regular and i 
beautiful crystals, fell gently on our clothes, and on the sledge, as we were driving through 
the streets; all of them possessed exactly the same flgure, and the same dimensions. 
Every particle consisted of a wheel or star, with six equal rays, bounded by circum- 
ferences of equal diameters ; they had all of them the some number of rays branching 
from a common centre. The size of each of these little stars was equal to the circle 
presented by dividing a pea into two equal parts. This appearance continued during 
three hours, in which time no other snow fell, and there was sufficient leisure to examine 
them with the strictest attention.” A microscope applied to a flake of snow will unfold 
this mode of structure, as well as other varieties in our climate ; but it is in tlie polar 
regions that snow assumes its most beautiful and varied forms, Scoresb;|^ has figured 
ninety-six varieties, distributed into classes of lamellar, spicular, and pyramidal crystals, 
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; from the first of which the annexed representation is taken. Upon examining some snow 
= which fell at Yverdon in Switzerland, in 1829 and 1830, M. Huber Burnand found 



Various forms of Snow Crystals. 

disposed after the form of feathers, and these also had finer filaments similarly arranged. 
He observed that in the former year almost everyday the crystals presented a new variety 



Various forms of Snow Crystals. 


of shape, sometimes resembling parallel fillets, leaves, and spines, with a rosette termi- 
nation. 

It is rarely that snow is seen in the northern hemisphere below latitude 30° in 
America, and 36° in the eastern world, the latitude of Algiers, and for some distance 
above those limits its appearance is very infrequent and brief, except in the upland 
regions. During the severe winter .of 1830, when there was an average depth of six feet 
of snow in Denmark, and it accumulated on the low grounds of Wiltshire in some places 
to the depth of fifteen or sixteen feet, the crest of Vesuvius, in latitude 41°, was covered 
with it for the space of ten days — a most unusual occurrence. A fall of snow occasion-, 
ally intrudes into our summer, but seldom in any quantity, thougli Kent and Sussex have 
been wrapped in this garb of winter in the month of June. It has also visited low levels 
within the limits of the torrid zone, as at Canton, in latitude 23°, in February 1836. 
The following letter, which appeared in one of the public journals, contains an inter- 
esting account of this event, which may not be repeated for many generations: — “I 
write you under the inspiration of a most unprecedented meteorological event — the phe- 
nomenon of a very heavy fall of snow in Canton. I woke an hour and a half ago, and 
could not believe my eyesight. Huge and thick flakes of real snow, and not white 
paper, summoned me from my warm bed ; and on looking out, sure enough the whole 
scene was ‘winter in its roughest mood,* — the snow on every house-top two, three, and 
four inches deep, and in the corners and ridges of course much more. The thermometer 
in our southern verandah was then standing at 37®. There was a light air from the 
north, in which direction the wind has been without intermission for three days past, 
sometimes blowing hard. Five or six days ago the wind was from the S.E., a most 
unusual occurrence in this monsoon ; and the weather was so mild then, that we break- 
fasted with open windows ; and a water excursion in the evening was by no means 
unpleasant, even to the idle steersmen in the wherry. But though the change was rapid, 
and the cold all yesterday very intense, no one predicated the length it would go. The 
thermometer was yesterday 47° in the morning, and rose to 51° and 52° during the day. 
The astonishment and mirth among the Chinese, not one of whom about us has ever 
beheld snow before, is unbounded ; and the elders of our European society are at this 
moment in the ecstasy of revived associations, pelting each other with snow-balls from 
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the house-tops with all their might. On one of these terraces, which may be no moi'e 
than 25 or 30 feet square, they have rolled a snow -ball which stands three feet high, so 
that you may judge how considerable the fall has been. I think it must have been 
snowing before midnight to have accumulated as it has done. The circumstance is cer- 
tainly unprecedented here within the memory of man — whether any record of its occur- 
rence in former time exists, remains to be seen. I can as yet learn or perceive nothing 
at all out of the natural course of our season in other respects, save the few days of S.E. 
wind a week ago, as above mentioned. 8^ a.m. — The snow ceased falling about half an 
hour ago ; and the sun has now burst forth on the scene, and perfected its magnificence. 
The river is a very curious feature in the landscape. The huge mat-sails of the junks 
fold up so inassily, that they retain large volumes of snow upon them. The Chine.se 
have now taken to [adting one another in the streets. A poor Bengalee servant found his 
way to our house-top, to collect some snow tosliow hisParsee master, who did not dare to 
leave his bod ; and the man’s exotic appearance in such an employment, and particularly 
the incongruity of our Bengalee conversation in the midst of it, was very strange. 
Since writing the above, a few liours ago, the thaw has commenced, and the last trace of 
snow, which will, perhafis, never again he beheld here, has disappeared. Mingqua, a 
very venerable old Chinaman, has just called, and says he never heard of such an occur- 
rence before, as snow in Canton. Being liimself ol’ this province, this is the first time 
he lias ever seen it in liis life.” 

In the higher regions of the Alps, prodigious falls of snow are the ordinary phenomena 
of the winter season. They occur in sudden storms, and being drifted upon the ground 
by the winds, the path of the traveller is speedily blocked up by the accumulations, 
while — 

♦* On evtry nerve 

The deadly winter seizes ; shuts up sense 

And o'er his ininust vitals creeping cold, 

Lays him along the snows, a stiffened corpse, 

Stretch'd out, and bleaching in tiie northern blast.*’ 

At the great elevation of some of the Alpine passes, that of the St. Bernard for instance, 
the snow is formed in the atmosphere immediately over the surface. It consequently 
falli in fine hard particles, and not in fiakes as in lower situations ; and instead of con- 
eolidatlng under the pressure of the wayfarer, he sinks in it as in a volume of fine sand. 
Around the hospice of St. Bernard, the highest fixed habitation in Europe, close upon 
the line of perpetual congelation, and rarely four months in the year clear of snow, its 
average depth is seven or eight feet in the mhlst of winter. Sometimes the drifts accu- 
mulate against the building to the height of forty feet, for which reason, the entrance is 
attained by a flight of steps. But in the most rigorous seasons, the smuggler, the pedlar, 
and courier, brave the perils of the pass, in defiance of the snows and avalanches, not 
unfrequently perishing in tlie attempt to gain tlie Swiss or the Italian side of the Alps, 
and often indebted to the monks and dogs of the hospice for the preservation of life. The 
duty of the monks calls them to set forth in the hour of tempest, to render help to 
the exhausted or overwhelmed passenger, whose voice and foot step, their great nicety of 
ear, attained by practice, enables them to discriminate at a surprising distance. “ The 
night was calm and beautiful,” says a summer guest at the hospice, and so warm for 
this elevation that we enjoyed looking out at the window upon the still and deeply solemn 
scene which suiTounded us. One of the brethren said, ‘ There is company ascending the 
mountain on the Swiss side ; ’ but silent as the grave was everything around us, our ears 
were not susceptible of such nice distinctions of sound. He said that they were very 
distant. He W'os right ; the party arrived long enough after to astonish us at the percep* 



AQUllOUS ATMOSPHERIC PHENOMENA. 




tion which he must have had of their approach.” The spaniels of the St. Bernard have 
V. - become celebrated tliroufijh the civilized 
L:' intelligence they dls- 

1 / ^ ^ discovering and aiding the pe- 

^ rishing traveller* scenting his person lying 

-V ^ ' V below the snow, scratching 

^1) y .:/}'' "" away the drift, rousing the victim fi'om 

if stupefying sleep, and informing their 
human allies of the discovery by com- 
‘ inencing their peculiar bark. One of 

\ tliese dogs, during his career, saved the 
yy <»f forty persons, and is known to 

!^\i ^ ' 'Xl fame, by finding a child in a frozen state, 

succeeding in restoring animation, and th(*n 
bearing him upon ins back to the hosjmrc. 
In North Britain, in severe winters, the fall of snow in storins, witli its long continuance 
on the ground, lias often led to melancholy disasters to man and beast. In Scotch annals 
the “thirteen drifty days,” in the year 1620, designate a dismal snow-storm, the memory 
of which long survived in the traditionary stories of the shepherds, and wois oft recurred 
to at their hearths. The snow fell during thirteen days and nights with very little in- 
termission, accompanied with great cold, and a keen biting wind. About the fifth and 
sixth days the young sheep fell into a torpid state and dii'd ; and about tins ninth and 
tenth days, the sheplierds began to build up large semicircular >vall.s of their dead, in 
order to afford some shelter for the living ; but the proteetion was of little service. Im- 
pelled by hunger, the sheep M'ere frequently seen tearing at one another’s wool with their 
teeth. On the fourteenth day from the commencement of the storm, when it h(*.gan to 
abate, there was on many a high-lying farm, not a survivor of extensive flocks to be found. 
Large misshapen walls of dead, surrounding a small prostrate group, likewise dead, and 
stiffly frozen in their lairs, met the eye of the forlorn shepherd and his master. Of 
upw^ards of twenty thousand sheep maintained in the extensive pastoral district of 
Eskdale moor, only about forty-five were left alive. The years 1709, 1740, and 1772, 
were also remarkable for their snows and consequent calamities. In the latter year, the 
soil was not once exposed from the middle of December to the middle of April, but 
retained its covering throughout of hard frozen snow. The south of Scotland, between 
Crawford-rauir and the border, was the scene of a violent storm in the year 1795, when 
whole flocks were overwhelmed in a few hours by the drifting snows, and seventeen 
shepherds perished. After the thaw, and the subsidence of the flood it occasioned, tliere 
were found, in a place called the beds of Esk, where the tide of the Solway throws up 
what has been brought into it by the rivers, the carcasses of 1840 sheep, nine black cattle, 
three horses, two men, one woman, forty -five dogs, and a liundred and eighty hares, 
besides a number of smaller animals. But these are evils incidentally connected with a 
natural production of great utility. Owing to the snow being an imperfect conductor of 
lu;at, the earth beneath it is kept at a higher teinf>erature than that of the exterior air, 
and the bulbs and r(»ots of plants are sheltered i’rom the ungenial cold. Hence also it 
offers a bed to the polar traveller warmer than the atmosphere, and furnishes a ready- 
made material to the Esquimaux for the construction of an abode, whose walls will screen 
him from the cold blast without, and not minister to the al)straction of the heat from 
within. There are several remarkable instances on record, of unquestionable authority, 
of persons having been kept alive for a considerable period when completely buried in 
snow, a result to which its imperfect conduction of heat lias contributed. Hearne 
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A Snow Storm. 


mentions the case of a woman near Yeovil in Somersetshire, who remained thus 
entombed for seven days, and >vas taken out alive, and recovered. A similar imprison- 
ment in the snow for eij^ht days was endured by another in Cambridgeshire in the year 
1799, who heard the bells go two Sundays for church while in the drift, was at last 
rescued, but died through well-intended, but injudicious trealinent. The fertility of the 
soil is also largely promoted by the nitrogen whicii the snow takes up from the atmo- 
sphere. 

Hail is another form under wliich the aqueous vapours abstracted from the earth are 
occasionally returned to it. The theory of Volta refers the formation of hail to the play 
of electricity rapidly abstracting heat from the molecules of vapour in the atmosphere. 
The common hypothesis is that of the congelation of globules of rain in their fall, by 
passing through a stratum of dry and cold air. To account for the production of such 
an intense degree of cold, very partial in its range, is the grand difficulty, for hail 
generally falls in hot sultry weather. It has been remarked, tjhat bail very rarely falls 
at night, and is scarcely known at all in latitudes liigher than 60®. The course of a hail- 
storm is commonly very narrow in proportion to its length. In July 1788, a storm, 
memorable for the havoc it made, passed over France in two parallel lines from south-west 
to north-east. The one line extended about *500 miles in length, and the other about 600 
miles, each having a mean breadth of only 9 miles, an interval of 1 5 miles occurring 
between them, in which the rain fell in torrents. Halley describes, in the Philosophical 
Transactions, a hail-storm of very scanty breadth, in the year 1697, wliich passed from 
Snowdon in Wales, through Flintshire, cutting the north-west corner of Cheshire, and 
extending through Lancashire in a right line from Ormskirk to Blackburn, on the 
borders of Y'orkshire. The hail-stones of this storm were of very considerable dimensions, 
ploughing up the earth and burying themselves in the ground, killing poultry and sheep, 
and completely ruining the rising corn. Leslie estimates that hail-stones, an inch in 
diameter, fall with a velocity of 70 feet per second, or at the rate of about 50 miles 
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in the hour. “ Striking the ground,” he states, “with such impetuous force, it is easy to 
conceive the eartensive injury which a hail shower may occasion in the hotter climates. 
The destructive power of these missiles in stripping and tearing the fruits and foliage, 
increases besides in a faster ratio than the momentum, and may be estimated by the 
square of their velocity multiplied into their mass. This fatal energy is hence as the 
fourth power of the diameter of the hail-storm.” In the narrative of the Jewish wars 
mention is made of a shower of hail acting with destructive effect upon the routed 
Canaanites, and in the mountainous districts of Palestine, terrible storms of the kind occur. 
The cattle have been destroyed in the fields, in the elevated regions of Persia, by the 
falling stones. Sir Robert Wilson gives the following account of a hail-storm encountered 
by the British fleet, while at anchor in 1801, in Marmorice bay, in Asiatic Turkey; — 
“ On the 8th of February commenced the most violent thunder and hail storm ever 
remembered, and which continued two days and nights intermittingly. The hail, or 
rather the ice-stones, were as big as large walnuts. The camps were deluged with a torrent 
of them two feet deep, which, pouring down from the mountains, swept every thing before 
it. The scene of confusion on shore, by the horses breaking loose, and the men being 
unable to face the storm, or remain still in the freezing deluge, surpasses description.” 
Hail-stones exhibit various forms, the spherical, the oval, the pointed, flat, and ragged ; 
and their size occasionally surpasses that of those whicli have been already mentioned. 
At Lisle in the Netherlands, in May 16H6, the stones that fell during a storm were from 
a quarter of a pound to a pound in weight. In Hertfordshire, in May 1767, they were 
from one to fourteen inches in circumference. In the I’yrenees, several of twenty-three 
ounces avoirdupois, fell in 1784 ; and a paper by the Abbe Maury read before the Royal 
Society in 1798, mentions the fall of hail-stones, or masses of ice, in Germany, from half 
an inch in diameter to the weight of eight pounds. 

The preceding statements receive confirmation from the experience of Mr. Darwin in 
South America, as recorded in the intensely interesting journal of that eminent naturalist. 
Referring to a posta at the foot of the Sierra Tapalguen, in the state of Buenos Ayres, he 
observes; — “ We were here told a fact which I would not have credited, if 1 had not 
pjirtly ocular proof of it ; namely, that during tlie previous night hail as large ns small 
apples, and extremely hard, had fallen with such violence, as to kill the greater number 
of the wild animals. One of the men had already found thirteen deer (Cervus Campestris ) 
lying dead, and 1 saw their fresh hides ; another of the party, a few minutes after my 
arrival, brought in seven more. Now I W'ell know that one man without dogs could 
hardly have killed seven deer in a week. The men believed they had seen about fifteen 
dead ostriches, part of one of which we had for dinner ; and they said that several were 
running about evidently blind in one eye. Numbers of smaller birds, as ducks, hawks, 
and partridges, were killed. I saw one of the latter with a black mark on its back, as if 
it had been struck with a paving-stone. A fence of thistle-stalks round the hovel was 
nearly broken down, and my informer, putting his head out to see what was the matter, 
received a severe cut, and now w^ore a bandage. The storm was said to have been of 
limited extent ; w^e certainly saw from our last night’s bivouac a dense cloud and lightning 
in this direction. It is marvellous how such strong animals as deer could thus have been 
killed ; but I have no doubt from the evidence I have given, that the story is not in the 
least exaggerated. I am glad, however, to have its credibility supported by the Jesuit 
DobrizhofFer, who, speaking of a country much to the northward, says, hail fell of an 
enormous size, and killed vast numbers of cattle : the Indians lienee called the place 
Lalegraicavalca, mGiimTig the “little white things.” Dr. Malcolmson also informs me 
that he witnessed in 1831, in India, a hail-storm which killed numbers of large birds, and 
much injured the cattle. These hail-stones were flat, and one was ten inches in 
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circumference, and another weighed two ounces. They ploughed up a gravel -walk like 
musket balls, and passed through glass windows, making round holes, but not cracking 
them.” 

Tlie aqueous vapour in the atmosphere assumes another form, that of dew, under 
circumstances favourable to its production. These occur when the sun is absent, the sky 
clear and nearly serene, and when the air, replete with moisture, is chilled by contact 
with some surface or substance colder than itself. It was once sup[K)sed thsit the dew, 
fringing the blades of grass and the leaves of the trees with silvery beads, sparkling in the 
morning sunlight, dropped 

“Like the gentle rain from heaven.” 

Hence our phrase, the drops of dew, alludes to its presumed descent from the upper strata 
of the atmosphere. It is surprising that this should have been the popular belief down to 
a very recent period, for dew may be seen upon an under surface which nothing falling 
can touch, and upon a side surface, which nothing, by either rising or falling, can reach. 

The dew-drop is familiar to every one from earliest infancy. Resting in luminous beads 
upon the down of leaves, or pendant from the finest blades of grass, or threaded upon the 
floating lines of the gossamer, its orient pearl varies in size, from the diameter of a small 
pea to the most minute atom that can be imagined to exist. Each of these, like the rain- 
droj)s, have the j)roperties of reflecting and refracting light ; and hence, as from so many 
minute prisms, the unfolded rays of the sun are sent up to the eye in similar brilliant 
colours to those of the rainbow. When the sunbeams traverse horizontally a very thickly 
bedewed grass-plot, these colours arrange themselves so as to form an iris or dew-bow^ *, 
and if we select any one of the drops for observation, and steadily regard it while we 
change our position, we shall find the prismatic colours follow each other in their regular 
order.” The poets of nature in all ages and countries have seized upon the clear, 
tremulous, pendant, and sparkling drops of dew, as images of purity, gentleness, and 
beauty ; and on account of their service to mankind in the economy of the vegetable 
kingdom, and the interesting mode of their formation, they claim the attention of the 
scientific inquirer. With us, the dew is most copious in spring and autumn ; and it has been 
produced, during a single night, in a quantity sufficient to be measured by the rain-gauge. 
This occurs chiefly in the autumn. Mr. Howard found by his instrument a deposition of 
dew equal to one-tenth of an inch, on the morning of September 1st, 1818, the production 
of the preceding night. Dr. Dalton estimates the annual deposit in this country to be 
five inches, or about 22,1G1,237,355 tons, reckoning the ton to be equal to 252 imperial 
gallons. 

The deposition of dew was first satisfactorily explained by Dr. Wells, in the year 1814, 
in an Essay which has been pronounced by a high authority — Dr. Thomson — “one of 
the most beautiful examples of inductive reasoning in the English language.” When the 
sun is below the horizon, and for a short period before his setting, bodies upon the sur- 
face of the earth, exposed to the aspect of a clear sky, cool by the radiation of the particles 
of heat absorbed, and at a more rapid rate than the atmosphere. The air in immediate 
contact with these bodies, replete with humidity in the form of transparent aqueous 
vapour, is chilled by their cold embrace ; and, owing to the increase of its density, it 
becomes incapable of holding in suspension the moisture wdth wdiich it is charged in the 
same quantity as before. The surplus is therefore disengaged, and appears upon the 
surface of the refrigerating object in globules of dew. It is essential to this process, that 
the night should not be a cloudy one ; because when tlie sky is overcast, the radiant 
caloric proceeding from the surface of the earth, and which otherwise would go off into 
free space, is intercepted by the clouds, and returned by them in sufficient quantity to 
prevent the decrease of temperature nec«?ssary to compel the atmosphere to surrender a 
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portion of its hoard of aqueous particles. On nights that arc perfectly cloudless, there- 
fore, the deposition of dew is greater than when the sky is partially screened ; on those 
that are both cloudy and windy there is none whatever formed ; but a gentle motion in 
the air on a clear night is favourable to its production in the greatest copiousness, by 
bringing fresh portions of the atmosphere, laden with moisture, into contact with the 
colder bodies at the surface. The theory of the dew ing process at once explains the ra- 
tionale of the practice adopted by gardeners, to protect tender j)lants and fruit trees in 
blossom on clear nights from cold, by spreading over them a mat or awning. The cover- 
ing performs the same office as the clouds. It returns the lieat radiated from the plants 
to them, and thus a temperature is preserved wdiich prevents relrigeration. It is ol’ten 
observable that substances exjmsed at night to the action of the same circumstances, 
differ greatly in the amount of dew deposited on them, some being thickly coated with its 
pearls, while others are without a single globule. This arises from the varying caj>acity 
of bodies for the radiation of heat. Light downy substances part with it more freely than 
the solids; so that the former cool down to the dew-point, or that degree of the th(*rmo- 
meter at which its disengagement from the atmosphere commences, wdiile the latter, 
remaining above it, receive no deposition. The following enumeration has been given of 
the substances which dew, in its formation, has been remarked more particularly to 
cling to : — 


Tlircads of the gossamer 

Sveansdown 

Fine ra«7 silk 

Fine unwrought cotton. 


Flax, wool, grass, hair 

Low plants and vegetables, both dead and living 
Glass 

Animal sul^stanccs. 


As the temperature of substances must be reduced below that of the atmosphere in 
order to the formation of dew, it is never observed, in temperate climates, upon the naked 
parts of a living and healthy human body. 

The substances that show a marked inaptitude to receive dew, are 

Rocks The metals in the following order : — 

Bare earth Flatina, least inaptitude. 

Considerable masses of water. Iron, steel, zinc, and lead, the next. 

Gold, silver, copper, and tin, the greatest. 

Dr. Stocke recorded the following results as to tlie relative quantity of dew deposited 
upon a variety of bodies ; — 


Glass . . . 

- Much dew. 

Polished lead 


A little 

Polished brass - 

- Very little. 

Silver - - - 


None. 

Rough brass 

- A little more, j 

Silver, gilded 


None. 

Rough iron, tinned 

- Very much. j 

Blue porcelain - 


None. 

Smooth do. 

- Scarcely any. I 

A stone slah 


Mncli. 

Rusty do. 

- None. 1 

Basket of Indian cane - 


A little 

Quicksilver 

- None. 

Smooth white oak plank 


Very much. 

Smooth tin 

- None. 

Ditto black - 


Much less. 

Rougli lead 

- Much. 

Ditto fir plank - 


Little. 

In opposition to the 

moisture of dew, that of mists is deposited upon 

all 

substances 


exposed to it alike ; and another distincition is, that the moisture of mists exists previous 
to deposition in a visible state, and is produced quite independent of the bodies that 
receive it. 

A preceding statement, that in temperate climates dew is never observed upon the 
naked parts of a living and healthy human body, is not true of tropical countries, where, 
after the high temperature of the day, under a perfectly clear sky, the earth radiates its 
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heat with great rapidity. This is the probable solution of some cases of physical injury 
sustained by persons sleeping in the open air with the face exposed, commonly supposed 
to be the effect of the moonlight. Messrs. Bennet and Tyerman, in their travels, state ; 
— “ Lunar influence seems to occasion phenomena of a very curious nature. It is confi- 
dently affirmed, that it is not unusual for men on board a ship, while lying in the moon- 
light with their faces exposed to the beams, to have their muscles spasmodically distorted, 
and their mouths drawn awry — affections from which some have nevei* recovered. 
Others have been so injured in their sight, as to lose it for several months. Fish, when 
taken from the sea-water, and hung up in the light of the moon during a night, have 
acquired such deleterious qualities, that, when eaten the next day, the infected food has 
produced violent sickness and excruciating pains. We have conversed with people who 
have been themselves disordered after having partaken of such fish. It is hazardous to 
touch on this subject ; we repeat what we heard from those who ought to be believed, and 
who would not affirm that of which they were not themselves persuaded.” Now the cir- 
cumstances under which these effects transpired — a clear tropical moonlight night — are 
precisely those favourable to the production of dew, which promotes the putrefaction of 
animal matter, and renders it deleterious; and the injury sustained by the parties sleep- 
ing exposed to the moonbeams — not a solitary example of such an occurrence — was far 
more probably caused by the cold and moisture produced by the immense radiation of 
heat, (!onsequent upon a cloudless night sky after a hot day, than by the lunar light, which 
all scientific examination shows to be innocuous and uninfluential. 

Anacreon — inhabiting the southern part of the north temperate zone — in a well- 
known ode pictures Cupid wet with the dews: — 

** ’Twas midnight deep — the glimmering Bear 
Show'd near the pole his shaggy hair ; 

And every heart, by toil oppress'd, 

Enjoy’d the genial balm of rest ; 

Secure from harm, my door was lock’d, 

When Love approach'd, and loudly knock’d. 

* Who’s there?’ I cried — * What vagrant foe 
Thus wakes me with repeated blow?’ 

* Fear not,’ said he, with piteous din ; 

‘ Fray ope the door, and let me in ; 

A poor unshelter’d boy am I, 

For help who know not where to fly ; 

Lost in the dark, and with the dews 
All cold and wet that midnight brews.’ ” 

A bard, still more tropically situated than he of Teos, Ijas written in a similar vein : — 
« I sleep, but my heart waketh ; it is the voice of my beloved that knocketh, saying. 
Open to me ; for my head is filled with dew, and my locks with the drops of night.” The 
abundance of this deposition from the atmosphere in Palestine — in certain specified lo- 
calities, chiefly the hilly districts — is frequently alluded to in the sacred writings. “ We 
were sufficiently instructed,” says Maundrell, ** by experience, what the Psalmist means 
by the ‘ dew of Hermon,* our tents being as wet with it as if it had rained all night.” 
Its value is fully appreciated there, and throughout Western Asia, where it seldom rains 
from April to September — the season of the greatest heat— the vegetation consequently 
then mainly depending upon its copious supply. “ God give thee of the dew of heaven” 
—a patriarchal blessing at the close of life — illustrates its importance in the estimation 
of a pastoral chieftain ; nor could the imagination conceive of a direr calamity than that 
expressed in the Hebrew elegiac:— “Ye mountains of Gilboa! let there be no dew, 
neither let there be rain upon you I” 
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Hoar-frost — the ice of dew and mist — is formed by the temperature of the atmosphere 
falling below 32®, the freezing point ; or by the powerful radiation of heat from the sub- 
stances receiving moisture depressing their temperature to the point of refrigeration, in 
which case the particles freeze, even while a thermometer may be several degrees above 
32®, Nature never appears more beautiful than on the mornings of a strong hoar-frost, 
when the fogs have vanished, and the bright cerulean of the sky is expanded over the 
productions of the earth, which, from a state of nakedness, have i)ut on vestal garments of 
the most exquisite purity and delicate finish, the suddenness of the change giving it the 
aspect of a work of enchantment. Every part of the vegetable kingdom, from the humble 
blade of grass to the gnarled and miyestic oak of the forest, has acquired a character of 
mysterious loveliness, which surpasses any idea of the scenes of fairy-land, and aflects the 
mind by the silence, rapidity, and extent of the creation, as well as by the consciousness 
of its speedy departure. In the woods, the dark boles of the trees render more impressive 
their silvery crests, from which the rime descends in snowy showers as the birds twitter 
among their branches. The forms assumed by the ice of dew arc classed by Mr, Howard 
into the spicular and granular. The former are very minute icicles wliicli n])pear upon 
fibrous surfaces ; the latter are globules frozen as they hang pendant from the substances 
upon which moisture has been deposited, Hut in whatever solid form the vapours of tlie 
atmosphere are returned to their native terrestrial home, their reduction to a liquid state 
speedily follows, except towards the poles, and on high mountain elevations. Tin; snow 
of the fields, the hoar-frost, and the ice of the rivers, dissolve under a change of temper- 
ature, yet in obedience to a very peculiar law which ensures their gradual retirement* 
The moment the change arrives at a particular and invariable degree of heat, thaw com- 
mences ; but any further addition of heat is absorbed or rendered latent, and the temper- 
ature of the thawing mass remains stationary till the dissolving operation is complete. 
But for this circumstance, which has been called a violation of law, the operation would 
be instantaneous, and productive of the most disastrous effects. Under the first touch of 
the warmth necessary to ensure a thaw, the magical spectacle of hoar-frost would be gone 
in a moment. The snow would rush from the fields in a resistless inundation to the 
rivers, and the frost-bound streams would be relieved of their ice before the skater could 
reach their banks. 
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CHAPTER XV. 

PHYSICAL CLIMATE. 

E use the word climate to denote the 
temperature of the air in various regions 
of the globe — an all-powerful cause in 
the determination of their physical as- 
pect. Great diversities meet us here, 
from the extreme of cold, which pro- 
duces perpetual congelation towards the 
poles, where no vegetable life is found, 
to the fervid heat of an equatorial dis- 
trict, under the action of which, in con- 
nection with the prevailing moisture, 
vegetation attains its greatest luxuri- 
anc.e. It has been remarked that it is 
easy to conceive of an astronomical ar- 
rangement, according to which all parts 
of the earth would have had the same, 
or nearly the same, climate. But, liad this been the case, our planet, though full of 
life, would not have been furnished with that useful and agreeable variety of vegetable 
productions and animal forms which it now presents, and many articles of convenience 
and luxury which the existing arrangement affords to the human race would have been 
wanting. It is an instance of wise and benign adaptation that the human frame has been 
so constituted as to be able to bear the striking diversities of climate which distinguish 
the abode of mankind, both the heat of the burning plains of Beloochistan, and the cold 
of the icy shores of Greenland. It has been proved by experiment that the body is 
capable of enduring very great extremes of temperature, and sudden changes of it, without 
being seriously affected. Dr. Fordyce exposed himself to an atmosphere raised to the 
temperature of 200® of Fahrenheit, or nearly to the boiling point of water, for ten 
minutes, and a thermometer fixed under his tongue indicated only 98®, so that his body 
resisted the impression of the artificial heat, and retained nearly its natural temperature, 
which the surrounding air exceeded by more than 100®. On the other hand, a degree of 
cold which depressed tlie mercury in a thermometer 52® below the freezing point, has 
been borne with only a slight addition to the ordinary clothing. Owing to this capacity 
of the frame, man can accommodate himself to the circumstances of the earth he inhabits, 
live amid the perpetual ices of the north, or under the fierceness of a torrid climate, and 
pass without difficulty from the one to the other, for the purposes of commerce and 
enterprise. Tfiough many members of the vegetable kingdom show a marked indifference to 
change of temperature, and hence are transportable with success from cold to heat, or from 
heat to cold ; yet vast numbers exhibit as marked an incapacity for the transition. The 
cinnamon bushes that clothe the surface of Ceylon would not endure a removfil to the bleak 
moors of England, nor our highland pines a transplantation to the level plains of Hindo- 
stan ; but the different members of the human family, in varying degrees, display a physical 
adaptation for emigration into any of the habitable parts of the earth, however discordant 
their temperature, the frost biting in one region, the fire-king breathing in another. 

We proceed to mention the causes which determine physical climate, and induce its 
differences ; — 
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1. The geographical position of a country with reference to the equator is one of the 
leading circumstances by which its temperature is determined. At the equator, and 
within the tropics, the greatest heat is experienced, because the sun is always vertical to 
some place within those limits, and the solar action is the more intense in proportion as 
the rays are perpendicular to the earth. As we recede from the equator, north or south, 
their direction becomes more oblique, and less influential in promoting temperature. It 
is for this reason that a declivity towards the equator, which receives the solar rays more 
directly than a level surface, is always the warmest, and hence the importance attached to an 
inclination of the surface with a southern aspect in our climate. The latitude of a |)ljice is 
therefore a prime determining cause of the temperature to whicli it is subject, a decrease of 
heat taking place with an increase of distance from the equatorial localities, though with 
various modifications, which will be hereafter noticed. One exception taken to this general 
rule may here be stated. It is true of countries lying between the tropics and the poles, 
that heat decreases with an increase of latitude, but it is thought not to be true of coun- 
tries between the tropics and the equator. Tracing the path of the sun as delineated upon 
an artificial globe, we perceive an advance of 12° of latitude made in the first month after 
the equinox, only 8° in the second, and but in the third ; and upon retiring from the 
tropic to the equator, he follows the same course inversely, traversing of latitude in 
the first month, 8° in the second, and 12° in tlie third. It Ibllows, therefore, tliat to all 
places situated within of each tropic, his rays at noon are vertical, or make but a 
slight angle for two months respectively ; when*us those ]dace8 which are under the 
equator have but the sun as near their zenith for about a wttek at each eejuinox. From 
this circumstaiure it has been inferred that in receding from the ecpiator there is no 
decrement in the mean annual temp<;rature till we luive passcal 23^°, tin* latitude of the 
tropics. This cannot yet be regarded as an established fact, though it is quite certain 
that the mean temp<u ature in summer near the tropics is higher than near the equator. 
In the northern hemi8[)here the countries where the greatest heat is experienced — the 
banks of the Senegal, the Tehama of Arabia, andMekran in Beloochistan — coincide with 
the tropic of Cancer; and it has been observed that the snow-line of the Andes in 17° 
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south latitude is higher than at the equator, an evidence of a higher temperature. With 
this exception, if admitted to be one, the decrement of heat proceeds gradually as we 
travel along the same level from the line to the poles. 

2. The temperature of countries is largely affected by the extent of their elevation 
above the level of t!ie sea. It is well known that as we ascend in the atmosphere the 
cold increases, — an effect due to the rarefaction of the air, and to the circumstance of being 
further from the heat reflected from the surface of the earth. We must travel several 
hundred miles along the surface from the equator, before wc become sensible of a 
diminished temperature ; but an ascent there of only a thousand yards will sink the 
thermometer 10'’, or 1° for 310 feet, and the decrease of heat will go on as we ascend 
higher, with a little irregularity, till at the height of somewhat less than 16,000 feet, or 
about 3 miles, wc come to the line of perpetual congelation. The ratio of the diminu- 
tion of temperature usually given, is 1° for 300 feet of altitude ; 2 ° for 595 feet ; 3® for 
872 feet ; 4® for 1124 feet ; 5® for 1347 feet ; and O'" for 1539 feet. In the temperate zone 
generally, if one site is a thousand yards higher than another adjoining, it will have a 
climate 12® colder; and the higher the latitude the lower the snow-line becomes, till it 
osculates with the surface of the earth in the frigid zone. The following diagram 



Surface of th0£arth IP W ^ 50 * 40 50 ^^ 

represents the line of perpetual snow, forming the arc of an ellipsoid, passing over the 
equator, from pole to pole. 

Making allowance for the fact before referred to, that the snow-line of the Andes is 
higher at some distance from the equator — 1000 feet, according to a number of observa- 
tions by Mr. I’entland between 14® and 17® south latitude — the diagram should not 
exhibit a continuous curvature, but be corrected as follows : — 



The diagram only conveys an approximate idea of the course of the line of perpetual 
snow from the poles to the ecpiator, for it repeatedly oscillates, and suddenly descends and 
ascends, under control of the physical peculiarities of different regions. One of its 
most remarkable flexures, unparalleled in any other part of the world, occurs on the west 
coast of South America. 


Piaco. 

Latitude. 

Height in Feet of 
Snow Line. 

Aulhoriticf. 

Cordillera of Central Chili 

S. 

14,500 to 15,000 

Gillies, and Mr. Darwin. 

Cordillera of Chiloe 

4;j S. 

6000 

Officers of the Beagle, and Mr. Darwin. 


Thus, within the distance of only 10® of latitude, the snow line experiences a difference 
of elevation of 9000 feet, an effect attributed to the fact of Chiloe being covered with forest 
trees dripping with moisture, indicating a clouded sky and little heat in summer, while in 
Central Chili rain does not fall for the seven summer months ; the sky is generally clear, 
and the climate hotter. The subjoined table gives the height of the curve of congelation 
in difterent latitudes, exclusively from calculation founded upon the known law of the 
decrease of heat by elevation. 
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1 

5 

Mean Temperature at the Level 
of the Sea. 

Height of Curve 
of Congelation. 

1 

Mean Temperature at the Level 
of tlie Sea. 

Height of Curve 

j 

Centigrade. 

Fahrenheit. 

.3 

Centigrade. 

Fahrenheit. 

c»l Congelation. 

0 

29*00® 

84*2® 

Feet. 

1.5207 

46 

13*99® 

57*2® 

lM*el . 

7402 

i 

28*99 

84*2 

15203 

47 

13*49 

56*3 

7133 

2 

28*96 

84*1 

15189 

48 

12*98 

554 

686.5 

3 

28*92 

84*0 

15167 

49 

12*43 

54*5 

6.599 

4 

28*86 

83*9 

151.35 

50 

11*98 

53*6 

6:134 

5 

28*78 

83*8 

1 5095 





6 

28*68 

83*6 

15047 

51 

11*49 

.52*7 

6070 

7 

28*57 

83*4 

14989 

.52 

1 0*99 

51*8 

5808 

8 

28*44 

83*2 

14923 

53 

10*50 

.50*9 

5.558 

9 

28*29 

82*9 

14848 

54 

10*02 

.50*0 

5290 

10 

28*13 

82*6 

14764 

5.5 

9*54 

49*2 

.5034 





56 

9*07 

48-3 

4782 

11 

27*94 

82*6 

1 4672 

.57 

8*60 

47*5 

4.534 

12 

27*75 

82*0 

14571 

58 

8*14 

46*6 

4291 

13 

27*53 

81-6 

14463 

.59 

7*69 

4.5*8 

40.52 

14 

27*30 

81-1 

14345 

60 

7*25 

45*0 

3818 

15 

27*06 

80*7 

14220 





IG 

26*80 

80*2 

1 4087 

61 

6*82 

44*3 

3589 

17 

26*52 

79*7 

13947 

62 

6 *.39 

43*5 

3365 

18 

26*23 

79*2 

13798 

63 

,5*98 

42*8 

3141 

19 

25*93 

78 

13642 

64 

.'>*.57 

42*0 

29.30 

20 

25*61 

78*1 

13178 

65 

5*18 

4 1 *3 

2722 





66 

4*80 

40*6 

2.520 

21 

25*98 

77*5 

13308 

67 

4*13 

40*0 

232.5 

22 

24*93 

76*9 

1!1131 

68 

4*07 

39*3 

2136 

23 

24*57 

76*2 

1 29 16 

69 

3*72 

38*7 

1 953 

24 

24*20 

75*6 

127.55 

70 

3*39 

38*1 

1778 

25 

23*82 

74*9 

12.5.57 





2G 

23*43 

74*2 

1 2354 

71 

3*07 

.37*.5 

1611 

27 

23*02 

73*6 

12145 

72 

2*77 

37*0 

14.51 

28 

22*61 

72*7 

11930 

73 

2*48 

36*5 

1298 

29 

22*18 

71*9 

11710 

74 

2*20 

36*0 

1 1 .53 

30 

21*75 

71*1 

11484 

75 

1*94 

3.5*5 

1016 





76 

1*70 

3.5‘1 

8K7 

31 

21*31 

70*.3 

11253 

77 

1*47 

34*6 

767 

32 

20*86 

69*5 

1 1018 

78 

1*2.5 

34*2 

6.56 

33 

20*40 

68*7 

10778 

79 

1 *06 

3.3*9 

.5.52 

34 

19*93 

67*9 

10.534 

SO 

•87 

33*6 

4.57 

35 

19*46 

67*0 

10287 





3G 

18*98 

66*2 

1(K)36 

Hi 

•71 

33 -.3 

371 

37 

1 8-.50 

65*3 

9781 

82 

*.56 

.33*1 

294 

38 

18*01 

64*4 

9523 

83 

*53 

32*8 

226 

39 

17*51 

63*5 

9263 

84 

■32 

32*6 

167 

40 

17*02 

62*6 

9(X)I 

; 85 

*22 

32*4 

117 





I 86 

*14 

,32*.3 

76 

41 

16*52 

61*7 

87.38 

87 

•08 

32*2 

44 

42 

16*02 

60*8 

8473 1 

88 

*04 

32*1 ^ 

20 

43 

15*51 

59*9 

8206 j 

89 

*01 

32*0 

/j 

44 

15*01 

59t) 

7939 

90 

•00 

32*0 

0 

45 

14*50 

58*1 

7671 







These results are valuable in the lifrht of general approximations, but they are not to 
be regarded as rigidly applying to all jdaces in the resf)ective latitudes stated. The 
elevation of the snow-line under the same parallel exhibit.s irregularities which arc the 
effect of local circumstances. Thus there are plains on the Himalaya mountains 15,()(X) 
feet above the level of the sea, which produce fine pasturage ; and barley and buck-wheat 
fiourish at the height of 11,000 feet, which is above the region of jicrpetual snow on the 
Andes, in the same latitude. The southern declivity of the Himalaya, also, has the 
snow -line at an elevation of about 13,(X)0 feet ; but instead of descending as we proceed 
farther north, it rises to the height of 16,000 feet. This is clearly an irregularity 
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referable to the fact that the south side of the range' ascends abruptly from the low level 
plains of Bengali, while the north side descends into a plain which is itself immensely 
elevated, and a higher * temperature is produced there, elevating the snow-line by the 
reflection of the solar action from the large and contiguous masses of land. The Py- 
renees, likewise, and the Caucasus, under the same parallel of latitude, exhibit a great 
discrepancy. Though the general climate of the adjacent country is warmer in the case 
of the Pyrenees, y(*t the snow-line on Mont Perdu, acxiording to Raymond, is found at 
the height of 87CK) feet, while on Elburz it occurred at the elevation of 10,880 feet, 
as observed hy Englehardt and Dr. Parrot. South of Elburz, by only 3® of latitude. 



Mount Arnnit. 


Parrot found the snow-line on Ararat at 14,080 feet, wliicli is 5000 feet above its elevation, 
under thi* ])arallel of 40®, as registered in the table. 

The Russian traveller, Parrot, justly remarks that tlte time of the year when the 
snow limits are <>bserved should In* particularly noted, in order to be capable of being 
determined with ttderable precision. “ On that point it may be laid down, in general, 
that it is only in the end of autumn, before winter has brought much new snow, and 
when the heat of autumn shall have melted as much as it can of the old, that such 
observations can load to a correct result. For mountains such as Ararat, Caucasus, the 
Alps, the Pyrenees, and, in general, all mountains in middle latitudes, August and 
September are the only months which can be used for determining the true limits of 
perpetual snow, because, during these months, although the great heat is for the most 
port gone by, yet large masses of snow still go on melting away, till the actual setting in 
of winter in these regions puts a stop to the process.” The difference observed in the 
elevation of the curve of congelation between places under the same parallel of latitude 
may, in several cases, have been owing to the observations being made at different times 
of the year. He thus accounts for the height of the snow-line in the instance of Ararat : — 
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“ In the country around there reigns an extraordinary degree of heat, tlie rays of tlie 
mid-day sun striking directly on the south side of the niountain, while on its norlhern 
side the valley of the Araxes preserves to a late season of the year the heat received from 
the slopes of the Gorkchai mountains. In July and August the people fly from the 
sultriness of the plain — a sultriness which did not allow me, in the latter half of Octoher, 
to make any exertions out of doors in my usual clothing. At the end of that month the 
thermometer still stood at 68° Fahr. This excessively hot air continually ascends during 
the summer up the sides of Ararat, warming its soil, and encroaching uninterruptedly on 
its snows. In this Avay alone can I explain the great heat which allowed me, in the latter 
end of September (old style), to spend two nights on bare rocks in the open air, without 
a pelisse, and at the height of 13,800 feet above the sea. If to the circumstance of the 
warm streams of air rushing up the sides of Ararat the greater part of the year we add 
the isolated position of that mountain, the icy head of which is the only one in a very 
wide tract that rises to a great height above the surrounding country, and which is, 
therefore, of course, less able to resist the influx of warmth irom below, than a more 
widely extended mass of snow, such, for example, as occurs in the Alps, we can explain 
satisfactorily enough tlie extraordinary height of the snow limits on Ararat, which, 
according to my observations, are 14,080 feet above the h vel of the sea.” 

From this effect of elevation upon temperature it is obvious that a country may have 
all the varieties of climate within a very scanty area ; and acc‘ordingly, in sev(‘ral parts 
of the torrid zone, an unfortunate geographical position is comi)cnsjvhMl by a happy 
physical contour. The low couvsts of ISIexico, and the tabledand nearly 9000 leet above- 
the sea, with its ridge of lofty peaks, of which Po]>o<^nta|>etl and Orizaba rise abov(‘ the 
snow -line, exhibit a striking example of a hot climate in close, contiguity to one mild and 
equable, and to another bordering upon arctic rigour. The hot regions, tierras caUenteSy 
include the country along the eastern and western shoia^s umhT the elevation of 2000 
feet, where the mean temperature is about 77°, and sugar, indigo, cotton, and bananas 
flourish luxuriantly. Above these are the temperate r(‘-gions, tierras timpladm, which 
lie along the slopes of the mountains at an elevation of from 2(KK) to 5000 feet. Here 
the yellow fever, the scourge of the low grounds, is unknown ; and the mean heat of the 
year is from 68° to 70°. The traveller enjoys a genial air, and (meounters the oaks, 
cypresses, pines, tree-ferns, and the cultivated cereal plants of Europe. He next arrives 
at the cold regions, tierras frias, which include the table-lands and the mountains above 
.5000 feet. On the border.s of this zone the climate is still pleasant, but beyond the 
elevation of 8000 feet it becomes severe, and gradually assumes the character of the 
polar latitudes. 

Switzerland, in a similar manner, exhibits a variety of climates within the area of a 
few square miles, with the vegetable productions peculiar to each, as the effect of its 
surface-elevations and irregularities. The Valais, one of the cantons, displays this 
diversity very remarkably. Jn that narrow and deep longitudinal valley, tluj extremes 
of temperature occur at a trifling distance from each other, the cold of Iceland and the 
heat of a Sicilian summer; and while in some of its inhabited parts fruit will not ripen, 
in others the wild asparagus is seen to grow, and the almond, the fig, and the pomegranate 
attain the greatest perfection. This high temperature arises from its lofty mountain 
walls preventing the free passage of the air, and reflecting from their sides the heat they 
receive from the rays of the sun, which impinge upon them more directly than on a level 
surface ; and hence the singular fact has been witnessed, in an (devated valley of Mont 
Blanc, of the temperature in the centre being so much increased by reflection, that the 
spot has been covered with flowers and verdure in the midst of perpetual snows and 
glaciers. Vines grow in the Valais to the height of 2380 feet above the level of the sea ; 
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trees to 6700 feet ; shrubs to 8o00 ; a few plants to 10,600, beyond which are a few 
lichens; and vegetation ceases entirely at the height of 11,000 feet, amid arctic cold. 
The following is the extreme line of elevation above the sea-level observed here by indi- 
vidual classes of vegetation : — 



Feet. 

Feet. 


Feet 

Maize • * 

- 2772 

The cherry - - - 4270 

The silver birch - 

. 5500 

The oak 

. 3518 

Potato - - - - 4450 

Tlie larch 

- 6000 

The walnut * 

- 3620 

The nut - . - 4500 

The fir le sapin 

. 6300 

The yew 

- 3740 

The beech - • - 4800 

Pinus cembra 

- 6600 

Barley - 

- 4180 

The mountain maple - 5100 

Rhododendron 

- 7400 

The valley of the Adige extending from near the summit 

of Mont Brenner in the 



Gorge oif the 'J'yrolese Alps. 


Tyrolese Alps to the Lago di Garda, reposing on the edge of the softer scenes of Italy, 
exhibits a scale of productions which marks the alteration of climate, in the course of 
about«a hundred miles, the effect of a descent from a high to a low elevation. “ We have 
first,” says Inglis speaking of its nortiiern extremity, “ Alpine productions ; but to pass 
these over, and to note only the productions of cultivated land, — we have first then, 
barley, thin and scanty, and a few hardy vegetables. We come next to Indian corn of 
a poor growth, with barley more vigorous, oats, grass, and firs. The third gradation 
brings us to a little wheat, mingled with all these, and to some walnut trees, besides fir. 
In the fourth division of the valley, we find Indian corn and wheat growing luxuriantly, 
vines beginning to appear, and fruit trees, especially the cherry, in abundance. The 
fifth gradation shows us, with all these productions, vines in luxuriance, and magnificent 
walnut trees entirely superseding the hardier wood. At the sixth step we find some 
additions to these ; the mulberry begins to appear, and fruits of the more delicate 
descriptions are found. Tlie seventh division presents the vine in its perfection, the 
mulberry in its abundance, and the fruits we have seen before, in greater luxuriance. 
The eighth and last gradation shows us, with all that we have seen before, the olive, the 
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pomegranate, and the fig. The valley of the Adige is indeed peculiarly calculated for 
the display of this scale ; the low temperature, w'hich in its upper parts accompanies its 
great elevation, gives us the productions of a northern latitude ; while as we descend the 
valley being open to the south, and shut in in every direction, a vegetation is produced 
that belongs to a more southern latitude than the country enjoys.” 

Etna exhibits a striking example of variety of climate, that of the valleys at its base 
being as different from the higher parts, as an equatorial from a polar latitude. The 
whole mountain is divided into three districts, called La Regione Culta^ or the fertile 
region ; La Regione Sylvosa^ the woody region ; and Za Regione Deserta, tlie barren 
region. The temperature and productions of these districts are as diverse from each 
other as those of the three zones of the earth, and, with almost equal propriety, they might 
be styled, the torrid, the temperate, and the frigid zones. But these zones are again 
subdivided, the limits of their respective parts being determined by families of plants 
which require a certain amount of temperature for their growth. Seven distinct botanical 
regions are noticed upon Etna. The firsts or lowest, is confined to the elevation of about 
a hundred feet above the level of the sea. Here the palm tree is met with, the banana, 
the Indian fig, and the sugar-cane, with varieties of mimosa and acacia in the gardens, 
which require a conservatory in the northern parts of Europe. The second region presents 
cotton, maize, the orange, the lemon, and the shaddock, and most of the plants of southern 
Spain, France, and Italy. Its limit is about 2000 feet above the level of the sea, where 
the culture of the vine ceases. The third or woody zone lies between the height of 
2000 and 4000 feet. Here the cork-tree flourishes, the oak, the maple, and the chestnut 
attain a magnificent size, the Castagno dei cento cavalliy or chestnut of a hundred 
horses, being more than two hundred feet in circumference, as measured by Brydone. 
It presented five large and distinct trunks, without any appearance of bark in the inside, 
which sanctions the popular belief of these having been united in one stem. The canon 
Recupero, an ecclesiastic, was at the expense of carrying up peasants with tools to dig 
round the tree, and found the trunks proceeding from one root. The fourth region 
occupies a belt on the mountain between the elevation of 4000 and 6000 feet, and is 
characterised chiefly by the birch and Scotch fir. The ffth zone, between 6000 and 
7500 feet, is sub-alpine, and produces the barberry, soap- wort, and juniper, which are 
found in the sixth, between 7500 and 9000 feet, in connection with a few plants peculiar 
to it. The seventh region extends from the preceding two hundred feet higher, which 
marks the extreme limit of vegetation. It presents only a few lichens, and beyond the 
height of 9200 feet utter barrenness prevails. 

The Island of Teneriffe, with its celebrated Peak rising to the height of 12,176 feet, 
presents five zones of vegetation, arranged in stages one above another, extending through 
a perpendicular elevation of 11,190 feet, to which vegetation ascends in that tropical 
latitude. The region of Vines rises from the level of tlie sea to a height varying from 
1200 to 2000 feet, and exhibits various kinds of arborescent Euphorbiae, Mesembryanthema, 
the Cacalia Kleinia, the Dracocna, and other plants, whose naked and tortuous trunks, 
succulent leaves, and bluish-green tints are distinguishing features of African vegetation. 
The great dragon-tree of Orotava, a species of very slow growth, Humboldt found to be 
sixty feet high, with a circumference of forty-eight feet near the roots, the trunk 
separating at a particular point into a variety of branches in the form of a candelabrum. 
In this zone, the date-tree fiourishes, the sugar-cane, the plantain, the Indian fig, the 
olive, wheat, and the fruit-trees of Europe. The region of Laurels includes the woody 
part of Teneriffe ; and abounding with springs, the ground is never parched with drought, 
but presents an ever- verdant turf. Four species of laurel, one of oak resembling that of 
the table-land of Thibet, two of iron-tree, and a variety of evergreen trees of the myrtle 
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family, characterise this zone. The soil, covered with mosses and tender grass, is 
enriched with showy flowering plants. Next comes the region of Pines^ commencing at | 
the height of 5760 feet, and extending to 8610, entirely filled with trees resembling the 
Scotch fir, intermingled with the juniper. The region of Retama, a species of broom, 
and of Gramina or grasses, occupy heights equal to the loftiest summits of the Pyrenees, 
where the snow is perpetual ; beyond which nothing presents itself but the naked pumice, 
obsidian, and lava of the cone of the volcano. 

We find therefore within the torrid zone, countries enjoying a moderate temperature, 
as the efiect of their elevation above the level of the sea. This is the cause of the 
delightful climate of the valleys of Cashmere, and of portions of Hindustan lying on the 
declivities of the Himalaya mountains. The table-land between the eastern and western 
Ghauts, in the south of that peninsula, partakes a climate of the same character. There 
are no long days to produce the excessive heats of more northern latitudes, and the 
summers are even cooler than in the temperate zone, a vertical sun maintaining the 
temperature of a perpetual spring throughout the year. The streams are perennial, the 
verdure constant, the air mild and salubrious, and the whole scene cheering at all seasons. 
The same agreeable effect of elevation upon temperature in a region geographically 
placed in the hottest parts of the globe, is experienced on the plateau of Abyssinia, and 
on the slopes and table-lands of the Andes. The inhabitants of Quito experience a genial 
and almost invariable climate, in which vegetation never ceases, while on the one hand, 
they behold the paramos, or mountain ridges, some of the summits rising above the 
clouds, covered with perpetual snow, and at the distance of a few leagues, an intense 
and sickly degree of heat oppresses tlie plains and lower levels. On the plains of the 
Orinoco the temperature throughout the year is that of the month of August at Rome ; 
at Pnpayan, at an elevation of 2988 feet, it is that of the month of August at Paris ; at 
Quito, 4894 feet, that of the month of May ; in the paramos, 5904 feet, that of the month 
of March at Paris. 

Upon proceeding from Acapulco, on the western const of Mexico, into the interior 
country, Humboldt speaks of ascending by burning valleys at the btise of the Cordilleras, 
where the thermometer stood at 8!)‘6 in the shade, crossing streams on fruits of Crescentia 
pinnata, attached to eacli oth(;r by ropes of agave, till, gaining tlic higher districts from 
3500 to 55)00 feet above the sea, he entered a region blessed with a temperate climate, 
and producing oaks, cypresses, pines, tree-ferns, and the cultivated cereal plants of 
Europe. 

3. The relation subsisting between a country and the ocean is another important 
element in the determination of its climate. 

The ocean preserves a much more uniform temperature than the land, far lower than 
its extreme of heat, and higher than its extreme cold. The atmospheric currents that 
sweep over it have this character to some extent impressed upon them, and enstamp it 
upon the physical climate of countries situated within the range of their infiuence. 
Hence islands and maritime districts have universally milder climates than inland regions 
under the same parallel of latitude, the cooler currents of air from the ocean tempering 
their summer heat, and warmer currents moderating their winter cold. The temperature 
at London corrected by that of the contiguous sea is lower in summer than at Paris, and 
higher in winter, though in a more northern latitude. 

The same cause explains tlie mild winters and cool summers of Ireland ; and the 
contrast between the climate of the south-wxst coast of England, and the interior of the 
island, not half a degree of latitude differing from it. At the port of Salcombe in 
Devonshire, called the Montpelier of the north, an agave flowered in 1774, after having 
lived twenty-eight years without being covered in winter ; and in some parts of that 
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district, the myrtle, the Camellia japonica^ the Fuchsia coccinea^ the Buddleia globosa 
pass the winter without shelter in the open ground, and orange trees are seen on 
espaliers, only sheltered, as at Rome, by means of matting. On tlie coasts of Brittany, in 
the department of Finisterre, the arbutus, the pomegranate tree, the Vucca gloriosa 
and Aloifoliay the Erica Mediterranean the Hortensian the Fuchsian and the Dahlia^ resist 
in open ground the winter, the meom temperature of the peninsula being above 56° 3' ; 
and Humboldt states, that in the interior of France, where the land is not much elevated 
above the sea, we must go south 3° of latitude in order to find an annual temperature 
equal to it. The milder winter of places on the Atlantic coast of France, as compared 
with interior situations of corresponding latitudes, appears from the table : — 


Placet on the Coatt. 


Mean Temperature. 

Placet in the Interior. 


Mean Temperature. 


Of Winter. 

Of Summer. 


or Winter. 

Of Summer. 

St. Malo 

48° 39' 

42-40 

66*9° 

Chalons sur Marne 

48® 57' 

36*1° 

66*6° 

St. Brteux 

48 

31 

41*7 

64*4 

Paris 

48 50 

38*7 

65*3 

Vannes 

47 

39 

39 7 

64*4 

Chartres 

48 26 

370 

64*6 

Nantes 

47 

13 

40*5 

68*5 

Troyes 

48 18 

38*3 

67*3 

La Rochelle 

46 

14 

40*3 

66*6 

Chinon 

47 26 

38*7 

69*1 

Oleron 

45 

56 

44*6 

68 5 

Poitiers 

46 39 

39*7 

67*1 

Bordeaux 

44 

50 

42*1 

70*9 

Vienne 

45 31 

38*7 

71*6 

Dax 

43 

53 

44*4 

67*3 

Montauban 

44 01 

42*6 

69*3 


Interior countries likewise, which abound with rivers, lakes, and marshes, are less subject 
to the extremes of heat and cold than those which have an opposite physical character. 
The heat experienced upon the well-watered plains of Ilindfistan is never so excessive 
as in the dry corresponding regions of Northern Africa ; and around the Canadian lakes, 
the winter is milder than in other localities under the same latitude. There is an anomaly 
in climate, which will perhaps admit of explanation, by a reference to the temperature of 
the a^oining ocean. This is the well-known fact, that in travelling from the equator 
northward to the pole, the cold increases in a slower ratio about the meridian of London, 
than in any other part of the world. The climate of western I^urope in general is 
milder than that of countries under the same parallel at its eastern extremity, or in Asia, 
or in America. The decrement of the mean annual temjierature in Western Europe and 
in North America, prolonging the scale to the equator, is given in the following table 
from Humboldt ; — 


Latitude. 

Old World. 

New World. 

Difference. 

0® 

81-.?o 

81 

0° 

20 

77-9 

77*9 

0 

30 

70-7 

67*1 

.3-6 

40 

6.3 -.7 


9* 

50 

50-9 

38 -.3 

12-6 

60 

1 41*0 

25*0 


70 

I .33 0 

0*0 



Thus, at the latitude of 40°, that of Madrid and Philadelphia, the mean annual temperature 
of Western Europe is 9° higher than that of North America. At latitude 60°, that of 
St. Petersburg, Upsal, Christiania, South Shetland, the south fxiint of Grcienland, the 
north point of Labrador, and the lower extremity of the Great Slave Lal:e, it is 16° higher, 
and 33° higher at latitude 70°. A similar difference appears in favour of Western 
Europe comparing it with Eastern Asia. 
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It is also the case, that the western region of North America, between the Rocky 

Mountains and the Pacific Ocean, is warmer than the eastern between the Alleghanies 

and the Atlantic ; and it was once imagined, that, comparing the two sides of the Alleghany 

mountains, the country to the westward, including the states of Ohio and Tenessee, and 










-r- 






All^Khany Mountuint. 


the vast basin of the Mississippi, had a milder climate, than the Atlantic states to the east- 
ward, under the same parallels. But the mean temperature is nearly equal on the east 
and west of the range ; and the more nortiierly migration of certain vegetables on the 
western side, which originated the surmi.se, i.s referable to the Mississippi valley, lying in 
that direction, favouring their transport, w hile in the eastern provinces the valleys are 
transverse, and consequently otFer no facility to their passage to the north. It cannot, 
however, be doubted, taking the whole continent into consideration, that the eastern 
districts of North America are colder than the western ; and in proceeding from Western 
Europe, in an easterly direction, there is a gradual increase of cold experienced. Thus at 
St. Petersburg it is 3® colder than at Upsal on the same parallel, and 5® coldtu* at Moscow 
than at Coi>enhagen. 

It is an interesting point to determine the cause of the greater warmth experienced 
under the meridian of London, and through the whole of Western Pmrope, than in cor- 
responding latitudes ; and in all probability, the solution is to be found in the warm 
water of the gulf stream in the North Atlantic, and the prevalence of w*c8t and south- 
w*est winds. We have before referred to this remarkable current of warm water, not 
inferior to the Mediterranean in its extent, which sweeps through the ocean towards the 
continent of Europe, having a temperature from 3° to 10° higher than that of the 
contiguous sea. The w*inds that blow over it have its character impressed upon them, 
and rush up from the w'cst and 8outh-we.st, invading Europe from Cape Finisterfe to 
the North Cape with currents of >varm air, reaching into the heart of the continent to the 
plains of Russia, through the great gate betw*eoii the Scandinavian and the Har2 
mountains. It mny be objected to this, that the gulf stream ought in a similar manner 



PHYSICAL CLIMATE. 


495 


to warm the Atlantic States of America by which it sweeps, whereas the mean temperature 
there is lower than in Western Europe ; but this is owing to the narrowness of the current 
in that quarter, and to the prevailing winds being from the west and south-west, which carry 
the hot circumambient air away from the shore. With reference to the lower degree of 
heat experienced over the whole continent of America, as compared with corresponding 
latitudes in the eastern portion of the earth, Humboldt advances the following statement 
in his Tableaux de la Nature : “ The comparative narrowness of this continent — its elonga- 
tion towards the icy poles — the ocean, whose unbroken surface is swe])! by the trade winds 
— the currents of extremely cold water which flow from the straits of Magellan to Peru — 
the numerous chains of mountains, abounding in the sources of rivers, and whose summits, 
covered with snow, rise far above the region of the clouds — the great number of immense 
rivers, that, after innumerable curves, always tend to the most distant shores — deserts, 
but not of sand, and consequently less susceptible of being impregnated with heat— 
impenetrable forests, that spread over the plains of the equator, abounding in rivers, and 
which, in those parts of the country that are the furthest distant from mountains and from 
the ocean, give rise to enormous masses of water, which arc eitlier attracted by them, or 
arc formed during the act of vegetation : — all these causes produce, in the lower parts of 
America, a climate which, from its coolness and humidity, is singularly contrasted with 
tliat of Africa. To these causes alone must we ascribe that abundant vegetation, so 
vigorous and so rich in juices, and that thick and umbrageous foliage, which constitute 
the characteristic features of the new continent.” 

4. There are various other circumstances which enter into the constitution of climate, 
such as the soil of a country, whether light and porous, or clayey and compact, whether 
open to the solar action and to the play of the winds, or covered with forests, and screened 
by mountains from the free operation of atmospheric currents. Barren sands admit of a 
much more intense heat than a loamy soil, and pasture lands are not so susceptible of it as the 
bare ground. The (dearing of a country from trees has the effect of raising the mean 
annual temperature, but at the same time greater extremes of heat and cold are introduced. 
Dr. Williams found the temperature of open grounds 12^ higher in summer and 7° lower 
in wdnter, than that of for(;sts. Open grounds arc always frozen deeper than the wood- 
lands, and hence the spring advances later; but being more heated in summer, the winter 
commences later. Several countries have, however, suffered severely from the incautious 
destruction of the forests, having been deprived thereby of a natural protection needed 
by their geograidiical position from the intensity of the solar rays, or from the heated air 
of neighbouring districts, besides the amount of moisture in the atmosphere being 
lessened by the loss of the vegetation which promotes evai)oration. The climate of some 
parts of Southern Europe has been deterioriated from this cause, and the oppressive heats 
and dreadful droughts of the Cape Verde Islands are due to it. In addition to the direct 
effect of the sun’s rays, contiguous parts of the earth exert a continual influence upon each 
other, by reciprocating their temperature through the medium of the winds. In this way, 
the deserts of Arabia and Africa are like immense furnaces warming all the regions on the 
Mediterranean Sea, in the south of Europe and the west of Asia ; and in a similar manner, 
the mountains and table-land of Tartary increase the cold of the surrounding countries. 
At Bagdad and at Bushire, where the south wind arrives heated by the burning sands of 
Arabia, the thermometer sometimes stands at 125°, and on the west coast of Africa, 
when a similar cause operates, it has been observed at 130°. In the August of 1819, 
when the fierce simoom blew at Bagdad, the thermometers rose to 120° in the shade, 
and at midnight were at 108° in the open air, and a heavy rain falling, an unprecedented 
event, the whole region was converted into a vast hot steam- bath. Multitudes of people, 
both in the country and in the streets, dropped down dead, owing to the intense heat. A 
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small caravan lost twenty-two persons in this manner during the last three days of its 
journey across the Desert towards the city. 

In the United States, the prevailing winds remarkably affect the temperature, pro- 
ducing the cold of the polar regions and the warmth of the torrid zone, according as they 
blow fisom the frozen shores of Hudson’s Bay or from the hot regions of the Gulf of 
Mexico. In Venezuela, the temperature, which is from 87^ to 90^ in March, rises to 104^ 
or 105^, whenever the wind blows from the parched surface of the llanos or great plains. 
Siberia, and the northern parts of North America, have their cold greatly increai^ by 
the polar winds, which are not intercepted by mountains, in addition to the effects of a 
northern declivity. But the same wind, in various countries, will produce opposite 
effects upon the temperature at different seasons of the year. Poeppig mentions a 
singular instance of this in the southern districts of Chili. The east winds, called loB 
PuelcheSy blowing in spring, are so cold as rapidly to depress the temperature 15® or 18°} 
but towards the end of summer they raise it nearly as much. The former effect is attri- 
buted to the deep snow lying in spring upon, the Andes chilling the adjacent air, and the 
latter to the heat which tlie sandy pampas of Buenos Ayres acquire in the summer months. 
The east winds of England exiiibit this alternating character. Late in spring, having 
passed over the plains of the Baltic, yet bearing the chill of winter, they are cold ; but in 
autumn, they are warm enough to raise the temperature, the sandy plains in their passage 
having been heating through the summer. 

The preceding causes are those by which physical climate is chiefly determined. A 
few results of observation respecting the mean annual temperature in different localities, 
and seasonal temperature, may now be stated, chiefly upon the authority of 
Humboldt. 

The mean temperature of a country is the average of heat and cold throughout the 
year, and may be obtained by observing at stated periods, during each day, the indications 
of the thermometer, taking a series of such observations continued through an interval 
of ten or fifteen years. This is a tedious and protracted process, and the lessons of expe- 
rience have superseded the necessity for it. De la Hire was the first who observed the 
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Placet. 

Latitude. 

(’oldest 

Month. 

Warinp»t 

Month. 

Difference. 

Observations. 

Cumana 

10® 27' 

80-1° 

84*4° 

4*3® 

Uninterrupted trade winds. 

Pondicherry 

11 

55 

76-1 

91*4 

15*3 

Monsoons. Hadiation of the sands. 

Manilla 

14 

36 

68 0 

86-9 

18*9 

Monsoons. 

Vera Cruz 

19 

11 

70-0 

81*7 

11*7 

North winds in winter. 

Cape Fran^ain 

19 

46 

77*0 

86*0 

9*0 

Uninterrupted trade winds. 

Havannali 

2S 

10 

70-0 

83-8 

13*8 

North winds in winter. 

Funciml 

32 

37 

64*0 

75*6 

1 1 *6 

Insular climate. 

Natchez 

31 

28 

46*9 

78*8 

31-9 

Transatlantic region. Interior. 

Cincinnati 

39 

6 

29*6 

74*4 

44*8 

Same system of climate. 

Pekin 

39 

54 

24 *8 

84 -2 

59*4 

Region of Eastern Asia. 

Philadelpliia 

39 

56 

29-8 

77*0 

47*2 

Transatlantic region. Eastern coasts. 

New York 

40 

40 

25-3 

80*8 

1 55*5 

Ditto. 

Horne 

41 

53 

42-1 1 

77*0 

34*9 

Cisatlantic region. 

Milan 

45 

28 

33*8 

55*2 

21*4 

Interior land. 

Buda 

47 

29 

27*7 

71*6 

4.3*9 

Ditto. 

I'uris 

48 

50 

.35*1 

69*8 

34 *7 

i Nearer the western coast. 

Nantes 

47 

13 

39 0 

70*0 

31 *0 

Ditto. 

Upsal 

60 

07 

24-2 

61*8 

37-6 

North Europe. 

Quebec 

46 

4 

14*0 

73*4 

59*4 

I'ransatlantic region. Eastern coast. 

Dublin 

53 

21 

37*6 

60*3 

22*7 

West Europe region. Insular climate. 

Edinburgh 

55 

58 

.38*3 

59*4 

21*1 

DiRo. 

Warsaw 

52 

14 

27*1 

70-3 

43*2 

Interior land. 

Petersburgh 

59 

56 

8*6 

65*7 

57*1 

East of Europe. 

North Cape 

71 

0 

22*1 

46-6 

24*5 

Climate of coasts and islands. 


The preceding table gives only the difference in the mean temperature of different months; 
but, taking the days into the account, the thermometer exhibits a far wider range. Thus, 
at Pekin, it has been observed as high as 110°; while the freezing of mercury, which 
takes place at 39° or 40° below zero, is no unusual thing at Quebec. 

The further we recede from the equator to the poles, the greater is the difference 
between the mean temperature of summer and v.’inter. 



I.atitudc. 

Meua Teinperatiirn. 

Difference. 

Of Winter. 

Of Suxnnior. 

Algiers 

37® 

61-5° 

80*2° 

18-7® 

Buda 

47^ 

.34*0 

70-5 

26*5 

Upsal 

60 

26*0 

60*2 

35*2 


But, however great the oscillations of the thermometer in the course of a single year, 
a comparison of years shows that the mean annual temperature in every place is remark- 
ably uniform, and seldom varies from the standard peculiar to the locality to any extent, 
even in those years that are marked by excessive seasonal heat or cold. Thus, in the 
year 1788, when the frost was so severe at London that the Thames was passable on the 
ice, the mean temperature for that year was within the fraction of a degree of the stan- 
dard. This was the case also in 1796, when the greatest cold that was ever observed at 
London occurred; and in 1813-14, when the Thames, Tyne, and other large rivers were 
completely frozen over, the variation amounted to little more than a degree below the 
standard. When also, in 1808, the summer was so hot in London that the thermometer 
stood at 93 J°, the mean temperature for the year did not rise above the usual average. 
A large collection of data justifies the remark of Humboldt, that the quantity of heat 
which any point of the globe receives, is much more equal during a long series of years 
than we should be led to believe from the testimony of our sensations and the variable 
product of our harvests. It is more a change in the distribution of the heat through the 
















PHYSICAL CLIMATE. 


different months, than a failure in the mean temperature, that disappoints the expecta- 
tions of the husbandman, and causes a scanty crop. A comparison of twenty years at i 
Geneva exhibits but slight variations of the mean temperature. 


YMn. Mean Temp. 


Ye«ra. 

Mean Temp. 

Yean. 

Mean Temp. 

1801 

5M® 

1806 

51-4® 

1802 

50-9 

1807 

49 ‘3 

1803 

50-4 

1808 

46-9 

1804 

51*1 

1809 

48-9 

1805 

47-8 

1810 

51-1 


Mean of twenty years 49-7°. 

The mean temperatures of seven of the summers w'ere — 


- 67 -n® 

- 65 0 

- 62*2 
- 65-7 


Mean Temp. 
51-60 

47- 8 

48- 6 
48-2 
50-0 


1807 - - . 68-2® 

I80H - - . 62-9 

180') - - . 63-0 

Mean of seven ye.-irs 64 - J)® 


M. Arago states, that in the two years 1815 and 1816, tln^ last of which was destruc- 
tive to the crofjs in a great part of France, the difference of the mean annual temperature 
was only two degrees from the standanl. In the interval hetween 18011 and 1813, the 
oscillations from the standard never went beyond it by more than 3-4'^, or fell short of it 
by more than 2’9”. It tliiis ajipears, that, thougli teinperatiire is continually varying, and 
exhibits occasionally extraordinary dcgr(;es of heat and cold, there is great iinifonnily in 
the mean condition of elimate. It has been ju.stly observed, that could w(! ol)taiu a clear 
insight into the complex machinery which rcgulat(‘s the seasons, we should behedd the 
same beautiful harmony, and the same system of compensation for temporary and appa- 
rent irregularities, which wo arc able fo discern in the movements of the heavenly 
bodies. 

In order to exhibit a more distinct view of the distribution of temperature, Humboldt 
has traced a number of curves drawn ov(‘.r places which have the same, or nearly the 
same, annual temperature, which he has (’ailed isothermal lines, signifying lines of equal 
heat. With indefatigable industry he made observatic)n.8 on both continents for this pur- 
pose, consulted the records of modern travel, and the Kurop(;an n-gisters of observed 
temperature; while the situation of particular plants furnished an index of practical 
importance, and sometimes of greater certainty than the tables of thermometrical heat, on 
account of the inaccuracy of instruments, or the unskilful use of them. The i.9othermal 
lines strikingly illustrate the operation of other causes besides the solar action in the con- 
stitution of climate, otherwise they would be curves coincident with the parallels of lati- 
tude. In the torrid zone this is nearly the case; but in the temperate and frigid zones 
they become very irregular, ascending toward.s the pole in Western Europe and Aiuf^riea, 
and sinking towards the equator in Eastern Asia and America. The annexed meteorolo- 
gical map of the world, constructed by Mr. Petermann, shows tlie distribution of the tem- 
perature of the air by isothermal lines, as far as adequate data exist for the purpose, the 
entire course of which remains to be ascertained. The figures attached to each curve 
indicate the mean annual temperature of the region traversed by it. A glance at the 
map show’s the divergence of the lines of equal heat from those of equal latitude. In 
Europe they arc convex with reference to the Pole ; in Asia and America, concave ; 
becoming less and less concave as they approach the equator. 

In the northern hemisphere, the curve line on the map, indicating the mean annual 
temperature of 80®, crosses central America about the Gulf of Honduras, passes north of 
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Jamaica, and through St. Domingo, descending across the Atlantic to the west coast of 
Africa, which it cuts a little above Sierra Leone. It rises in that continent to the 
northern tropic, runs closely parallel to it through Arabia to Hindostan, descends in that 
peninsula, and cuts descendingly Siam and Cochin China, intersecting the group of the 
Philippines to the south. This line forms the north boundary of the hot zone, coloured 
deep carmine on the map, in which the warmth equator, distinguished by a deeper shade, 
shows the districts of the greatest heat, which have temperatures varying from 81'* to 
88^. The warmth equator, it will be perceived, does not coincide with the geographical ; 
but lies almost wholly to tlie north of it, attaining its greatest distance in eastern Africa* 
It passes along the north coast of South America, intersects Africa from the Gulf of 
Guinea to Ab 3 ^ssinia, and cuts the extremities of the southern peninsulas of Asia. The 
minimum temperature, 81°, occurs at sea in various places; the maximum, 87*3°, the 
greatest heat hitherto observed, at Massowah in Abyssinia, much nearer to the northern 
tropic than to the equator. 

The isothermal line of 70° cuts the w^est const of America in the south of California 
about latitude 25°, falling below the tropic in the interior, and rising above it on the 
opposite const. It passes by the delta of the Mississippi, through East Florida, north of 
St. Augustine, in about latitude 30°, reaches the coast of Africa above the Canary Islands, 
ascends towards Tunis about latitude 34°, runs through the Mediterranean south of 
Candia, enters Syria north of Reiroiit, traverses Asia south of the Hindoo-Koosh and 
Himalaya mountains, descends in China nearly to the tropic. This line marks the 
north boundary of the warm zone, coloured light carmine on the map, and is generally 
the southern limit of the fall of snow at the sea level. 

The isothermal line of 50°, central to the temperate zone, passes from Fort George at 
the mouth of the Columbia river, on the west coast of America, latitude 46°, descends in 
the interior, and reaches the shores of the Atlantic near New York, latitude 41°. It 
then rises abruptly to latitude 56° in the north Atlantic, dciscends by Dublin, London, 
and through Midland Europe to the mouth of the Danube, latitude 45°, cuts the north of 
the Black and Cas])ian Seas, falls in the interior of Asia, rising on the eastern coast. 

The isothermal line of 30°, indicating an average temperature below the freezing point, 
leaves the west coast of America in latitude 61°, rises and declines in the interior, falling 
to latitude 53° on the shores of Labrador. It then ascends abruptly to latitude 74° in 
the Arctic ocean, and passing round the North Cape of Europe, as abruptly descends to 
latitude 50° in the interior of Asia. This line marks the southern limit of permanently 
frozen ground, which, in Asia, occurs in a latitude as low as that of London. 

The isothermal lines, indicating a lower degree of temperature, can only be traced with 
certainty thn)ugh portions of their course. 

It has been already stated that places w'here the mean annual heat is the same vary 
considerably in their mean summer and winter temperatures. Hence isocheimal lines, or 
lines of equal w'inter temperature, and isotheral lines, or those which show equal summer, 
unite points which are upon different isothermal curves. Thus Belgium on the isothermal 
line of 51° 8', Scotland on that of 45° 5', and Milan on that of 55° 8', under widely 
different parallels of latitude, art; on the same isocheimal line. Moscow also, and the 
mouth of the Loire, are on the same isotheral line, notwithstanding a difference of 11° of 
latitude ; and London and Pekin are on the same isothermal curve, though on widely 
different lines of mean summer and w'inter temperature. 

Isogeothermal lines are curves connecting points where the temperature of the ground 
is equal, at or below the surface of the earth. The interior temperature of the earth is 
measured by that of subterranean excavations, natural or artificial, and by that of springs. 
It appears to decrease, ns might be expected, from the plains to the tops of mountains: — 
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Spring of Utliberg, near Zurich 
Ditto of Rossbadcn, at St. Gothard - 
Springs of Cumanacoa ... 
Ditto of Montserratt, above Santa Fe de Begota 
Ditto in the Mine of Hualgayoc, in Peru 


The interior temperature appears to increase as we approach the equator. 


Salt Mines at Wielicksa, in Poland 




Lat. 

- 50° 

Depth in Feet. 
320 

Temp. 

50° 

Joseph’s Well, at Cairo, in Egypt - 

- 

- 

- 

- 30 

210 

70 

Mines of Mexico - 

- 

- 

- 

- 20 

1650 

741 


In equinoctial regions the heat of the earth at but a short distance below the surface, 
and that of permanent springs, is nearly uniform at all seasons, and usually corresponds 
to the mean annual temperature of the external air ; but beyond latitude 45® the mean 
heat of springs and ca'fes is generally above that of the atmosphere. At Errontekies, at 
the parallel of 68^°, the difference between the mean temperature of the earth and of 
the air amounts to 7‘74®. Humboldt accounts for this by referring to the tliick stratum 
of snow which covers the earth in high latitudes, and prevents the loss of heat during 
the winter months, by radiation, and by the contact of cold winds. But we have 
striking and sufficient evidence that the superficial shell of the globe is not only heated 
by the solar impressions, but is raised to a temperature at some distance from the surface- 
above that of the ambient air, by the action of its own deei)-seated fires. There is strong 
reason to suppose that below the solid crust of the earth upon whi(;h we dwell, the next 
contiguous matter is in a state effusion, at a temperature higher than any that man can 
produce by artificial means. Hence, omitting all reftu'cnce to the activii volcanoes, and 
to thermal springs at all temperatures below that of boiling water, found in all parts of 
the world, it is a well-known fact, that in descending into deep mines the temperature is 
greatly above that of the mean of the exterior air, and imu’eases progressively with the 
depth. This was first remarked by Gensanne, about the year 1740, in the lead mines of 
Giromagny, near Beport. Saussure afterwards observed the same fact in the salt mines 
at Bex, in Switzerland ; but the attention of naturalists was not generally directed to the 
temperature of the lower strata, till Humboldt had executed an extensive and intercjsting 
series of experiments in the mines of Freyburg, in 1791. The best set of observations 
we possess on the temperature of deep places, is that which has been uninterruptedly 
continued for more than half a century in the caves under the observatory of Paris. In 
1783 the Count de Cassini, in concert with Lavoisier, placed a very delicate thermometer 
in one of these excavations, for the purpose of observing the curious j)henomenon of an 
invariable temperature, which had been noticed to exist in the same place, by tins first 
Cassini, in 1671, and by La Hire, in 1730. The thermometer is placed at the depth of 
rather more than thirty yards under the surface, in a bed of fine sand, and has indicated 
no change of temperature, or at least its oscillations have not exceeded the of a cente- 
simal degree. The constant temperature exceeds at that depth, by 2*16® of Fahrenheit’s 
scale, the mean temperature at the surface : and supposing a uniform increase at the same 
rate, we should arrive at the temperature of boiling water at the depth of 2542 yards 
under the city of Paris. We may quote a few other results of observation. In the coal 
mines of the north of England the temperature is 70® at the depth of 800 or 900 feet, 
when the air at the surface is only 48° or 49® ; and in the mines of Valenciana in 
Mexico, it is 92® when the surface-air is at 60°. The following are additional examples : — 
In a copper mine at Dolcoath, in Cornwall, a thermometer was kept eighteen montlis 
buried in the rock to the depth of a yard. The depth of the mine was 1377 feet. The 

K K 3 


Alt. in 

Feet. 

T.mp. 

Fuhr. 

1,532 

48-92° 

7,016* 

38-30 

1,148 

72-5 

10,680 

39-9 

11,759 

53-24 
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temperalim indicated was 75*5®, while that of the country is 50® ; and consequently the 
increase wf heat there is at the rate of 1® for every 54 feet. 

At ijHfomagny, in the Vosges, the annual temperature at the surface is 49®; at 330 
feet 4^ it is 53*6®; at 10U8 feet, 65*8® ; at 1416 feet, 74*6®. 

Tn four of the deepest mines of Saxony the annual temperature at the surface is 46*4® ; 
at from 510 to 600 feet depth, it is 54*5® ; at 840 feet, 58® ; at 1080 feet, 62*6®. 

In the deepest British coal mine, that of Killingworth, the annual temperature at the 
surface is 48° ; at 900 feet depth it is 70°; at 1200 feet, 77°. A similar gradation is 
found in many of the deeper mines at home and abroad. 

There is thus in the Vosges an increase of temperature in descent below the surface 
amounting to about 1° in every 60 feet ; in Saxony 1° in every 66 feet; and in Britain 1° 
in every 45 feet. After the ratio observed in the Vosges, the temperature of the hot springs 
at Bath, 1 13°, will be found at three-quarters of a mile in the interior of the earth, and that 
of boiling water at a depth of nearly two miles. “ The facts strongly support three conclu- 
sions : — First, that the heat of an interior shell of the earth is greater than the superficial 
shell. Second, that tliis heat augments progressively as we descend towards this region, in a 
ratio bearing some relation to the depth. Third, that, even at moderate depths, this heat 
is greater than the mean heat of the globe ought to be, if entirely derived from the sun. The 
heat of such an interior mass must be constantly diffusing itself towards the surface ; and 
at the surface it may be kept down, so as to affect the temperature derived from the solar 
action very feebly, by the greater or less rapidity of its dissipation. But as it is very 
improbable that it should be diffused with perfect equality round the whole exterior shell 
of the globe, it may be the true source of some of those anomalies of climate, such as 
the discrepancy in the annual heat under the same parallel, wbi(di cannot be easily referred 
to other known causes.” If the heat of the globe were entirely derived from the sun, 
Pekin, at an inconsiderable elevation above the sea, ought to have the same mean annual 
temf)eraturt} as Naples, being under the same parallel of latitude ; but instead of this 
being the case, the temperature falls short of that at Naples by nearly 9°. Other causes 
may eontributc to produce this diserepaney ; yet it is not unreasonable to suppose that 
the mean beat at Naples is raised by its proximity to a focus of internal heat which 
smokes and flashes through the chimney of Vesuvius. 

No reference has yet been made to physical climate in tlic southern hemisphere, respect- 
ing which opinion has recently been considerably modified. The idea long prevailed that 
the whole region south of the equator had a much lower temperature than the northern 
side ; hut it is now suflicieutly ascertained, that there is no discrepancy whatever in its 
equinoctial districts. The Isle of France has the same annual temperature, 80*1°, as 
Jamaica and St. Domingo, under a corresponding northern parallel. The mean tempera- 
ture at Kio Janeiro is 74*5“, and at Ilavnnnah, at a similar latitude north, it is 76*4°. 
The amount of annual heat about the parallel of 34° of south and north latitude exhibits 
a remarkable equality, as appears from the following comparison : — 


Southern Hemisphere 

Port Jackson in New Holland 



Lat. 

- 33° 51' 

Mean Temp. 
56*7° 


('ape of GiH>d Hope 

- 


- 33 53 

66-9 


City of Buenos .^yres 

- 


- 34 36 

67-5 

Northern Hemisphere 

Natchez - . - 

- 


. 31 28 

64*8 


Funchal - - - 

- 


- 32 37 

68-5 


Algiers - - _ 

- 

- 

- 36 48 

70-0 


Under the parallel of 51° 25' south, the mean temperature of the Falkland Isles Is 
47*3° ; and at the same latitude north we find the mean temperature in Europe from 50° 




to 51*8®, while in America it is scarcely from to The annexeil table con- 

trasts temperatures observed at sea: — 




Mean Ttanporatnrt* of t.lio Monliis. 1 

li.ititddi*. 

Corresponding Months. 





SoMthiMi) 

NmlluTli lb‘tntR|dH*ri*. 

0^—15^ 

December 


.... 


Jum* 

- 

8:j’rr-> 

18 

()ct<jber 

April 

81 -5 

79-37 

Q‘2—2G 

.Tanuary 

.liilv 

72-5 

(;g-74 


Septt'mber 

March 

b9-44 

GH -9 

S4 

December 

.Tmie 

5f;-84 

59 -72 


February 1 

Angus, 

b2*24 

G2G 

43 

July 

Januar 

59-3(1 

G4 ■7G 

48 

June 

December 

44 -G 

G.3-8G 

58 

July 

- 

5G-3 


January 

43-lG 



It may be concluded, therefore, that as far as 40® of latitude, the warmth of the 
southern hemisphere is equal to that of the northern, while, eonsidc.rinjj: the*, "JVansatlantie 
climates apart from the Cisatlantic, it is certain that the mean temperatures of the year, 
w ithin the bounds referred to, under the corresponding geographical parallels, are even 
greater in South tifan in North America, lieyond those limits the southern hemisphere 
appears to have a lower temperature than the northern. Hence large masses of ice 
descend towards the equator from the southern pole to a much gn;ater distance than is 
the case in the northern seas. During the surveying voyages of the Adventure and 
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Beagle, along the south coast of South America, the glacier furthest from the pole, 
descending to the sea coast, was found in latitude 46® 50', in the Gulf of Penas ; but a 
few miles to the north of tliis glacier, in the Laguna de San Rafael, some Spanish mis- 
sionaries encountered icebergs, in a narrow arm of the sea, on the 22d of the month 
corresponding with our June, and in a latitude answering to that of the Lake of Geneva I 
According to Von Buch, the most southern European glacier which comes down to the 
sea is met with on the coast of Norway in latitude 67®. This is more than 20^ of latitude, 
or 1230 miles nearer the North Pole than the Gulf of Penas is to the South. Mr. Darwin 
puts the occurrence of this glacier in the southern hemisphere in a striking point of view, 
by remarking, that it descends to the sea-coast within 7^® of latitude, or 450 miles of a 
harbour, where three species of oliva, a voluta^ and a terebra, are the commonest shells, 
within less than 9° from where palms grow, within 4^® of a region where the jaguar and 
puma range over the plains, less than 2^® from arborescent grasses, and, looking to the 
westward in the same hemisphere, less than 2° from orchideous parasites, and within 
1® of tree-ferns! In South Georgia, an island discovered by Cook in his cruise of 1775, 
in latitude 53"', answering to the parallel which passes over the central counties of 
England, the eternal snows come down to the sea-shore, while the curve of perpetual 
congelation with us is at the height of more than 5000 feet. The perpetual snow does 
not descend to the sea- level on the north of the equator till we arrive at the parallel 
of 80®, which is twenty* seven degrees nearer the pole than the point where the same fact 
transpires in the southern hemisphere. This greater degree of cold was at first attributed 
to an astronomical cause — that of the acceleration of the earth’s motion in its perihelion, 
in consequence of which the sun is a shorter time, by nearly eight days, on the south, 
than on the north side of the equator. But the true cause is undoubtedly geographical, 
the great preponderence of the ocean in southern regions, which radiates less absolute 
heat than dry land, and contributes to diminish the annual temperature of that part of 
the globe. The same cause, however, -operates to free the south-temperate zone from 
” excessive climates,” or those violent seasonal contrasts of temperature which the Anglo- 
American and the inhabitants of Pekin experience, mild winters alternating with cold 
summers. Port Jackson, in a latitude answering to that of Cairo, has the winter of that 
city, and the summer of Marseilles. In Van Diemen’s Land, corresponding nearly in 
latitude to Rome, tliere is the summer of Paris and the winter of Naples. 

We may now cast a general glance over different districts of the globe which present 
strongly-marked diversities of climate and productions, confining our attention chiefly to 
the northern hemisphere. 

Eqitatorial and Hot Regions , — These occupy a zone extending on each side of the 
line to a few degrees beyond the northern and southern tropic. As before remarked, the 
mean temperature appears to be higher in situations verging towards the tropics than at 
the equator ; and by this is to be understood the temperature of the air near the surface 
of the earth, as determined by a thermometer, protected from radiation and every kind of 
foreign influence. Thus the mean equatorial temperature is given by Humboldt at 
81^® ; but at Pondicherry, in latitude 11° 55' north, it is at least 85®. This is the region 
of the finest spices, the sugar-cane, the palm and banana tribes. It includes the islands 
and continent of Southern Asia, the middle and northern countries of Africa, and the 
central parts of America. In its level midland portions, frost and snow are unknown, 
and the uncivilised natives of various localities have often deemed the statement a fable 
of the Europeans, that rivers became solidified by cold. In the well- watered countries, 
the trees ai'e covered with perpetual verdure, the fields exhibit a constant carpet of beau- 
tiful and odoriferous flowers, and the only season resembling winter is the season of rain ; 
but after the rains, the heat occasions noxious exhalations from the fruitful soils, andespe- 
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daily from the marshy districts, which originate formidable remittent and continued 
fevers, the well-known scourges of hot climates. The drjr portions af this ux-e aatzdjr 
or stony wastes, with little or no vegetation except in a few oases, and with scarcely an 
animal besides the camel. Towards the tropics, the temperature is less equable than at 
the equator ; the seasonal heat is excessive ; and travelling, or any kind of exertion, 
through several hours of the day becomes impossible. The wooden furniture in dwell- 
ings warps and shrinks ; glass is sometimes cracked ; thirst is continual ; the body is 
debilitated; all disposition to effort is destroyed; and motion often becomes painful. 
The sun- stroke, or coup^desoleil^ is the frequent consequence of exposure to the intensity 
of the solar action, and was fatal to numbers in the crusading armies, who, unaware of 
danger, encountered the fierce beams of mid-day on the plains of Syria. 

Warm These extend from the northern limit of the sugar-cane to the 

northern boundary of the olive and the fig ; and include the southern districts of Europe, 
part of midland and south-western Asia, and portions of the southern United States. 
The frosts here are not severe in the plains ; snow is also rare ; and the rivers are seldom 
frozen over. The winters are more distinguished by dampness than cold, resembling the 
spring of the temperate regions. Vegetables on the south of this zone grow during seven 
or eight months in the year, and the trees are not stripped of their foliage more than two 
months. The air of the European warm regions is in general clear and salubrious ; but, 
owing to the abundance of vegetation, and numerous marshes in corresponding trans- 
atlantic climates, noxious effluvia are continually formed. The autumns are uniformly 
sickly ; and the countenances of the inhabitants have a pale and sallow cast, instead of 
the bloom and freshness which belong to those of more northern districts, or to the 
brunette of the southern Europeans. 

Temperate Regions. — This zone reaches from the northern limit of the olive and fig 
to that of the wine-grape, and has a mean temperature var 3 ring from 50° on the northern 
border to 59° on the southern. The transition from winter to summer is here gradual, 
and the four' seasons are distinctly marked. The winter is commonly from three to five 
months long in the northern parts, attended with a considerable quantity of snow ; and 
the waters are often strongly frozen. In the southern parts, the winter does not exceed 
two or three months ; the fall of snow is less, and the frosts are seldom severe. Grain, 
vegetables, and many fine fruits are produced in abundance, with excellent pasturage, 
but the fruits often ripen with difficulty, and the harvests are injured by moisture and 
rains. France, Germany, and southern Russia are included in this region, with Holland, 
Belgium, England, and Ireland, on account of their maritime situation. The same 
climate characterises a part of the east coast of Asia, the northern and midland United 
States, the interior country south of Lake Huron, and the basin of the Columbia river. 
At Nootka Sound the rivers do not freeze until January ; and at the mouth of the 
Columbia, the first frost observed by Lewis and Clark was in that month. 

Cold Regions. — The country in Europe between the wine-grape and the northern 
limits of the oak, is included in this zone, or midland Russia and southern Scandinavia, 
with southern Siberia in Asia, and the British provinces in North America. The 
summers are short, hot, and oppressive, and the winters severe and protracted. Nearly 
six months in the year, the temperature of Stockholm and Petersburg is below the 
freezing point. The rivers are frozen during that period ; the snow is permanent ; and 
the wolf becomes dangerous to the traveller. The air, keen and penetrating, is remark- 
ably clear, still, and salubrious. Where the ground is clear of timber, and level, the 
winter-picture is that of a frozen sea, which spreads for many a shining league, the sun 
often careering through the heavens cloudless from morn till night, and then giving 
place to the moon, soft, clear, and yellow, the rim strongly and beautifully defined on the 
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deep concave of the sky. “ There is something,” observes the authoress of the spirited 
Letters from the Baltic, “ very exhilarating in this breathless, still, bright cold — with 
a clean white expanse, a sjfotless world, before you — every tree fringed — every stream 
stopped — freedom to range over every summer impediment; while the crystal snow, 
lighting up into a delicate pink, or pearly hue, or glittering with the brightest prismatic 
colours beneath the clear, low sun, and assuming a beautiful lilac or blue where our long 
shadows intercept his rays, can no longer be stigmatised as a dead lifeless white.” The 
thermometer is frequently several degrees below zero. The severity of the cold appears 
in icicles pendant from the eye-lashes of the Russian boor, and the conversion of his 
beard into a lump of ice from the congelation of the vapour of his breath. The most 
singular feature of this zone is the rapidity with which the change from winter to 
summer transpires, observable in Canada as well as in northern Europe. The spring is 
almost obliterated as a season. The snow melts, the hard-frozen ground is unlocked, 
and the rivers are unsealed with astonishing quickness ; and a few days will suffice for 
the transition of the trees from wintry nakedness to the sprouting out of their full com- 
plement of leaves. 

Frozen Regions, — This zone extends from the northern boundary of the oak to the 
pole, and is of much narrower dimensions in Europe than in America and Asia. The 
birch, the hardiest of trees, generally ceases to grow about latitude 70° in Europe, where 
man. is compelled to give up the cultivation of grain. Shrubs and bushes linger on 
farther north ; grasses and lichens then are only to be met with ; and eternal snows and 
ice succeed. In regions north of 59° in Asia, 71° in Europe, and 54° in America, the 
mean annual temperature is below the freezing point. In winter brandy and mercury 
freeze. Around Hudson’s Bay and in North Siberiii, lakes and standing waters of no 
great depth arc frozen to the bottom ; the inhabitants remain crowded together in 
small huts; and if the cold air suddenly enters a habitation, the vapours fall in a shower 
of snow. Notwithstanding the efforts of our enterprising countrymen, the central region 
of this zone, the geographical pole of the world, has not been reached, and consequently 
the mean temperature is yet a matt*^r of surmise. From the different indications of tem- 
jierature in high northern latitudes in the Old and New AV^oi’ld, it has been inferred that 
the point of greatest cold is not coincident with the pole, but that the lowest temperature 
is found at two points situated at about 80° of latitude, and 95° east longitude, and 100° 
west. Captain l^irry, who wintered at Melville Island, often observed the thermometer 
in the ship at 50°, and at a distanet*, from the ship at 55° below zero, perhaps the low'est 
temperature, upon which entire dependenee may be ])laeed, that has been remarked. He 
wintered on the south const of the island in about latitude 74°, and obtained the following 
results of observation : — 

The greatest boat at Melville Island, was +60® Fahr. on the 17th of July. 

The greatest cold at ditto, —50 „ on the 15th of February. 

Mean temp, of warmest month, July, +42-41 

of colde.st niunth, February, —32*19 

of Winter. Dec., Jan., Feb., —28*02 

of Spring. March, April, May, — 3*27 
of Summer. June, July, Aug., +37*11 
of Autumn. Sept., Oct., Nov., — 0*51 
The mean temperature for 12 months + 1*33 

These results indicate a very extraordinary degree of cold, far surpassing what had ever 
been supposed to exist in the imagination of the poets, or what the calculations of science 
formerly assigned to the pole itself, w'here the hoary desolations of the arctic regions 
were conceived to be concentrated. According to a table given by Leslie, the mean 
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temperature of Melville Island should have been nearly 36°, whereas it was only 1^® or 
upwards of 30° below the freezing point. This severity of cold, though generally borne 
without inconvenience when proper precautions were observed, had a striking influence 
on the mental as well as the corporeal faculties when imprudently encountered, producing 
a wild look, an indistinct utterance, and an air of stupidity resembling that which is often 
caused by intoxication. 

It is an inquiry of some interest, whether the general temperature of the globe is 
stable, or is gradually undergoing change through diminution or addition. We have no 
means of deciding this point, because our thermometrical determinations are confined to 
a comparatively modern date. The instrument was not brought to perfection until the 
year 1724, by Fahrenheit, and therefore beyond that period we are dependent upon the 
recorded experience and sensations of observers, and upon the details of agricultural 
failure or success, for our knowledge of temperature in former times. We are not war- 
ranted to infer from these casual notices any change of physical climate generally within 
the era of authentic history, though in particular localities, there is strong reason to sup- 
pose that an alteration has taken place ; but this has been the very reverse of an impres- 
sion that once prevailed respecting it. The existence of a colony on the east coast of 
Greenland, cut oflT from communication with the external world, and destroyed by the 
gradual accumulation of the ice upon its shores — the fact of immense forests anciently 
clothing the highest parts of Britain, and other northern countries, where a tree now can 
scarcely be made to grow — of the period of the vintage formerly commencing several 
weeks earlier in France than at present — of vineyards having been planted in the south 
of England during the time that the Romans held possession of the island, where hops 
can only be raised with dilficulty — and of the sides of the Scottish hills bearing evident 
traces of the plough, which have long been surrendered to the heaths as incapable of 
cultivation; — these circumstances have been appealed to, as evidence of a milder and 
more genial climate having once characterised the northern regions of Europe. Sir John 
Leslie has remarked upon these details, “ that a patch of wood will not thrive in cold 
situations, merely for want of the shelter which is aflbrdcd by extensive plantations. In 
Sweden and Norway, whicli are mostly covered with natural forests, it has become an 
object of police to prevent their indiscriminate destruction. The timber in those sylvan 
countries is cut at stated periods of its growth, and in detached portions ; the vacant 
spaces being left as nurseries, embosomed amidst an expanse of tall trees. Some places in 
Sweden, where the forests have been accidentally destroyed by fire, present the image of 
sterility, and of wide desolation. It is probable, that the vines grown in ancient times 
were coarser and hardier plants than those which are 'now cultivated. A similar 
observation extends to all the productions of gardening. A succession of diligent 
culture softens the character of the vegetable tribes, and renders them more delicate, 
while it heightens the flavour of their fruit. The Roman soldiers stationed in Britain 
would naturally prefer wine, their accustomed beverage, however harsh and poor, to the 
cervisitty or unpalatable ale brewed by the rude arts of the natives. The marks of tillage 
left on our northern hills evince only the wretched state of agriculture at a remote 
period. For want of a proper system of rotation, and the due application of manure, the 
starving tenantry were then tempted to tear up with the plough every virgin spot they 
could find, and after extracting from it a pitiful crop or two of oats, to abandon it to a 
lasting sterility.” With reference to the colony supposed to have been planted on the east 
coast of Greenland, now an uninhabitable region of glaciers, there is reason to believe that 
its name, Oesire Bygdy the eastern settlement, simply refers to its position in relation to 
another settlement, both of which were on the western coast, now occupied by the Danish 
factories. From the name of Snowland, afterwards supplanted by that of Iceland, given 
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by the roving pirates of the Baltic to that island upon its discovery in the ninth 
century, it may certainly be concluded that the climate of the north was then analogous 
to what it is at present. 

A different opinion, that the climate of the midland part of the temperate zone, espe- 
ciaUy in Europe, is less rigorous now than it was sixteen or seventeen centuries ago, 
appears to be supported by sufficient evidence. After making allowance for inaccuracy 
and exaggeration in the statements of the classical writers, they will still be found 
descriptive of a cold in various districts, as a feature of the ordinary temperature, which 
is not realised at present. The epistles written by Ovid from Pontus, whither he was 
banished by order of Augustus, describe the rigour of the climate there, in terms which 
would suit the winter of Hudson’s Bay. He mentions, among other instances of the 
extreme cold, the Euxine Sea being frozen over, so as to bear men and cattle upon it. 
Tertullian, one of the Christian fathers in the second century, writing in the style of the 
fierce zealot and florid rhetorician, against the heretic Marcion, thus refers to the same 
region : — “ That tract, which is called the Pontus Euxinus, the hospitable sea, has been 
refused all favours, and is mocked by its very name. The day is never open, the sun 
never shines willingly, there is but one atmosphere — fog ; the whole year is wintry ; every 
wind that blows comes from the north ; liquors are only such before the fire ; the rivers 
are blocked up with ice, the mountains are heaped higher with snow ; all things 
are benumbed, all things are stiff with cold, nothing but cruelty has there the 
warmth of life ; that kind of cruelty, I mean, which has supplied the stage with fables 
concerning the sacrifices of the Tauri, and the loves of Colchis, and the tortures of Cau- 
casus. But there is nothing so barbarous and miserable in Pontus, as that it has given 
birth to Marcion; he is more savage than a Scythian, more unstable than the wild 
inhabitant of a waggon, more inhuman than the Massageta, more audacious than the 
Amazon, darker than the mist, colder than the winter, more brittle than the ice, more 
treacherous than the Danube, more precipitous than Caucasus.” Virgil refers to the 
winter on the banks of the Ister of the Greeks, the modern Danube, in the third Georgic, 
in a manner which at present is inapplicable to any part of its course: — 

The sun from fur peeps with a sickly face. 

Too weak, the clouds and miglity fogs to chase, 

When up the skies he shoots his rosy head, 

Or in the ruddy ocean seeks his bed. 

Swift rivers are with sudden ice constrain'd. 

And studded wheels are on its back sustain'd ; 

A hustry now for waggons, which before 
Tall ships of burden on its bosom bore. 

Hk* brazen cauldrons with the frost are flaw’d ; 

I'he garment, stiff with ice, at hearths is thaw'd. 

With azes first they cleave the wine ; and tlience 
By weight, the solid portions they dispense. 

From locks uncoinb'd, and from the frozen beard, 

Long icicles depend, and crackling sounds are heard. 

Meantime perpetual sleet, and driving snow, 

Obscure the skies, and hang on herds below. 

The starving cattle perish in their stalls ; 

Huge oxen stand encl(»’d in wintry walls 
Of snow congeal'd ; whole herds are buried there 
Of mighty stags, and scarce their horns appear. 

The dexterous huntsman wounds not these afar 
With shafts or darts, or makes a distant war 
With dogs, or pitches toils to stop their flight. 

But close engages in unequal fight ; 
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And, while they strive in vain to make their way 
Through hills of snow, and pitifully bray, 

Assaults with dint of sword, or pointed spears, 

And homeward on his back the joyful burden bears. 

The men to subterranean caves retire. 

Secure from cold, and crowd the cheerful fire : 

With trunks of elms and oaks the hearth they load. 

Nor tempt th’ inclemency of heaven abroad.” 

The allusions to the climate of Italy in the Georgies, referring to the Augustan age, are 
in several respects irreconcilable with its present character. The writer speaks of the 
freezing of the rivers in the southern part of the peninsula as an ordinary occurrence, 
and gives frequent directions for the protection of sheep and goats from snow and frost, 
as if addressing a shepherd of the plains of Holstein or the highlands of Scotland. It is 
a well-attested fact, that the savage inhabitants of Gaul and Germany usually selected 
the winter-season for their warlike incursions into the Roman provinces, on account of 
the facility afforded by the ice for the transport of their armies, horses, and baggage, 
across the great rivers, which have never been so frozen in modern times as to admit of 
such an occurrence. In the time of Ciesar, also, the rein-deer, now coniined to the 
colder regions north of the Baltic, was found, along with the elk and tlie wild bull, in the 
Hercynian forest, which then overshadowed a gnnit part of Germany and Poland. A 
volume published at Vienna in 1788, contains some remarkable passages concerning the 
state of the weather for more than a thousand yeai\s back, gathered from the old chroni- 
cles, which detail the state of the harvest, tlui quality of the vintage, or the endurance of 
frost and snow in the winter. From this work, Sir John Leslie, in an article furnished 
to one of the public journals, quoted the following record of excessive winters and 
summers, to which some additions have been made. 

EXCESSIVE WINTERS. 

In A. D. 401, the Black Sea was entirely frozen over. 
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Iq 462, the Danube was frozen, so that Theodomer marched over the ice to avenge his 
brother’s death in Suabia. 

In 545, the cold was so intense in winter that the birds allowed themselves to be 
caught by the hand. 

In 763, not only the Black Sea, but the Strait of the Dardanelles was frozen over. 
The snow in some places rose fifty feet high, and the ice was so heaped in the cities as to 
push down the walls. 

In 800, the winter was intensely cold. 

In 822, the great rivers of Europe, such as the Danube, the Elbe, and the Seine, were 
so hard frozen as to bear heavy waggons for a month. 

In 860, the Adriatic was frozen. 

In 874, the winter was very long and severe. The snow continued to fall from the 
beginning of November to the end of Marcli, and encumbered the ground so much that 
the forests were inaccessible for the supply of fuel. 

In 891, and again in 893, the vines were killed by tlie frost, and the cattle perished in 
their stalls. 

In 991, the winter lasted very long with extreme sev(‘rity. Every thing was frozen ; 
the crops totally failed ; and famine and pestilence closed the year. 

In 1044, great quantities of snow lay upon the ground. The vines and fruit-trees were 
destroyed, and famine ensued. 

In 1067, the cold was so intense, that most of the travellers in Germany were frozen to 
death on the roads. 

In 1124, the winter was uncommonly severe, and the snow lay very long. 

In 1133, it was extremely cold in Italy. The Po was frozen from Cremona to the sea; 
the heaps of snow rendered tlie roads impassable ; the wine casks were burst, and even 
the trees split by the action of the frost, with immense noise. 

In 1179, the snow was eight feet deep in Austria, and lay till Easter. The crops and 
vintage failed ; and a great murrain consumed the cattle. 

The winters of 1209 and 1210 were both of them very severe, insomuch that the 
cattle died for want of fodd(u*. 

In 1216, the Po froze fifteen ells deep, and wine burst the casks. 

In 1234, the Po was again frozen ; and loaded waggons crossed the Adriatic to Venice. 
A fine forest was killed by the frost at Ravenna. 

In 1 236, the Danube was frozen to the bottom, and remained for a considerable time in 
that state. 

In 1269, the frost was most intense in Scotland, and the ground bound up. The 
Categat was frozen between Norway and Jutland. 

In 1281, such quantities of snow fell in Austria as to bury the very houses. 

In 1292, the Rhine was frozen over at Breysach, and bore loaded waggons. One sheet 
of ice extended between Norway and Jutland, so that travellers passed with ease ; and in 
Grermany 600 peasants were employed to clear away the snow for the advance of the 
Austrian army. 

In 1305, the rivers in Germany were frozen ; and much distress was occasioned by the 
scarcity of provisions and forage. 

In 1316, the crops wholly failed in Germany. Wheat, which some years before sold in 
England at six shillings a quarter, now rose to two pounds. 

In 1823, the winter was so severe, that both horse and foot passengers travelled over 
the ice from Denmark to Lubeck and Dantzic. 

In 1 339, the crops failed in Scotland ; and such a famine ensued that the poorer sort 
of people were reduced to feed on grass, and many of them perished miserably in the 
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fields. Yet in England, wheat w^as at this time sold so low as three shillings and four- 
pence a quarter. 

In 1344, it was clear frost from November to March, and all the rivers in Italy were 
frozen over. 

In 1392, the vineyards and orchards were destroyed by the frost, and the trees torn to 
pieces. 

The year 1408 was one of the coldest winters ever remembered. Not only the Danube 
was frozen over, but the sea between Gothland and Oeland, and between Norway and 
Denmark ; so that wolves, driven from their forests, came over the ice into Jutland. In 
France, the vineyards and orchards were destroyed. 

In 1423, both the North Sea and the Baltic were frozen. Travellers passed on foot 
from Lubeck to Dantzie. In France, the frost penetrated into the cellars. Corn and 
wine failed, and men and cattle perished for want of food. 

The successive winters of 1432, 1433, and 1434 w^ere uncommonly severe. It snowed 
forty days without interruption. All the rivers in Germany were frozen ; and the very 
birds took shelter in the towns. The |»rice of wheat rose, in England, to tvvcnty-s(wea 
shillings a quarter, but was reduced to five shillings in the following year. 

In 1480, the Baltic was iroztm, and both foot and horse passengers crossed over the ice 
from Denmark and Sw(‘den. The Danube, likewise, continued frozen two months ; and 
the vineyards in Germany were d(*stroyed. 

In 1468, the winter was so seveu’e in Flanders, that the wine distributed to the soldiers 
was cut in pieces with hatchets. 

In 1544, the same thing happened again, the wine being frozen into solid lum])s. 

In 1548, the winter was very cold and protracted. Between Denmark atul Rostock, 
sledges drawn by horses or oxen travelled over the i(5e. 

In 1564, and again in 1565, the winter was extremely severe all over Europe. The 
Scheldt froze so hard as to support loaded waggons for three months. 

In 1571, the winter was severe and protracted. All the rivers in France were covered 
with hard and solid ice ; and fruit-trees even in Languedoc were killed by the frost. 

In 1594, the weather was so severe, that the Rhine and the Scheldt were frozen, and 
even the sea at Venice, 

The year 1608 was uncommonly cold, and snow lay of immense depth even at Padua. 
Wheat rose in the Windsor market from 36 to 56 shillings a quarter. 

In 1621 and 1622, all the rivers of Europe were frozen, and even the Zuider Zee. A 
sheet of ice covered the Hellespont; and the Venetian fleet was choked up in the lagoons 
of the Adriatic. 

In 1655, the winter was very severe, especially in Sweden. The excessive quantities 
of snow and rain which fell did great injury in Scotland. 

The winters of 1658, 1659, and 1660 were intensely cold. The rivers in Italy bore 
heavy carriages ; and so much snow had not fallen at Rome for several centuries. It was 
in 1658, that Charles X. of Sweden crossed the Little Belt over the ice from Holstein to 
Denmark, with his whole army, foot and horse, followed by the train of baggage and 
artillery. During these years, the price of grain was nearly doubled in England ; a 
circumstance which contributed, among other causes, to the Restoration. 

In 1670, the frost was most intense in England and in Denmark, both the Little and 
the Great Belt being frozen. 

In 1684, the winter was excessively cold. Many forest trees, and even the oaks in 
England, were split by the frost. Most of the hollies were killed. Coaches drove along 
the Thames, which was covered with ice eleven inches thick. Almost all the birds 
perished. 
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In 1691, the cold was so execssive that the famished wolves entered Vienna, and 
attacked the cattle, and even men. 

The winter of 1695 was extremely severe and protracted. The frost in Germany began 
in October, and continued till April; and many people were frozen to death. 

The years 1697 and 1699 were nearly as bad. In England, the price of wheat, which 
in preceding years liad seldom reached to 30 shillings a quarter, now mounted to 71. 

In 1709 occurred that famous winter, called by distinction the cold winter. All the 
rivers and lakes were frozen, and even the seas, to the distance of several miles from the 
shore. The frost is said to liave penetrated three yards into the ground. Birds and wild 
beasts were strewed dead in the fields, and men perished by thousands in their houses. 
The more tender shrubs and vegetables in England were killed ; and wheat rose in its 
price from two to four pounds a quarter. In the south of France, the olive plantations 
were almost entirely destroyed ; nor have they yet recovered that fatal disaster. The 
Adriatic Sea was quite frozen over, and even the coast of the Mediterranean about Genoa, 
and the citron and orange groves sufliered extremely in the finest parts of Italy. 

In 1716, the winter was very cold. On the Thames, booths were erected, and fairs 
held. The printers and booksellers pursued their professions upon its surface. 



Fair on the Ulvcr Thame*, 1716. 


In 1726, the winter was so intense that people travelled in sledges across the strait from 
Copenhagen to the province of Scania in Sweden. 

In 1729, much injury was done by the frost, which lasted from October till May. In 
Scotland, multitudes of cattle and sheep were buried in the snow; and many of the forest 
trees in other parts of Europe were killed. 

The successive winters of 1731 and 1732 were likewise extremely cold. 

The cold of 1740 was scarcely inferior to that of 1709. The snow lay eight and ten 
feet deep in Spain and Portugal. The Zuider Zee was frozen over, and many thousand 
persons walked or skated on it. At Leyden, the thermometer fell 10° below the zero 
of Fahrenheit's scale. All the lakes in England froze; and a whole ox was roasted 
on the Thames. Many trees were killed by the frost ; and postilions were benumbed 
on their saddles. In both the years 1709 and 1740, the General Assembly of the 
Church of Scotland ordained a national fast to be held on account of the dearth which 
then prevailed. 
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In 1744 the winter was again very cold. The Maine was covered seven weeks with 
ice ; and at Erora, in Portugal, people could hardly creep out of their houses for heaps of 
snow. 

The winters during the five successive years, 1745, 1746, 1747, 1748, and 1749, wei-c 
all of them very cold. 

In 1754, and again in 1755, the winter was particularly cold. At Paris, Fahrenheit’s 
thermometer sank to the beginning of the scale ; and in England, the strongest ale, 
exposed to the air in a glass, was covered, in less than a quarter of an hour, with ice an 
eighth of an inch thick. 

The winters of 1766, 1767, and 1768 were very cold all over Europe. In France, the 
thermometer fell six degrees below the zero of Fahrenheit’s scale. The large rivers and 
the most copious springs in many parts were frozen. The thermometer, laid on the sur- 
face of the snow at Glasgow, fell two degrees below zero. 

In 1771 the snow lay very deep, and the Elbe was frozen to the bottom. 

In 1776 much snow fell, and the cold was intense. The Danube bore ice five feet 
thick below Vienna. Wine froze in the cellars both in France and in Holland. Many 
people were frost-bitten ; and vast multitudes both of the feathered and of the finny tribes 
perished. Yet the quantity of snow that lay upon the ground had cliecked the penetra- 
tion of the frost Van Swinden found, in Holland, that the earth was congealed to the 
depth of twenty-one inches, on a spot of a garden which had been kcj)t cleared, but only 
nine inches at another place near it, wliich was covered with four inches of snow. 

The successive winters of 1784 and 1785 were uncommonly severe, insomuch that the 
Little Belt was frozen over. 

In 1789 the cold was excessive; and again in 1795, when the republican armies of 
France overran Holland. 

The successive winters of 1799 and 18(X) were both very cold. 

In 1809, and again in 1812, the winters were remarkably severe. 

EXCESSIVE SUMMERS. 

In 763 the summer was so hot that the springs dried up. 

In 870 the heat w'as so intense, that near Worms the reapers dropped dead in the 
fields. 

In 993, and again in 994, it was so hot that the corn and fruit were burnt up. 

The year 1000 was so hot and dry, that, in Germany, the pools of water disappeared, 
and the fish, being left in the mud, bred a pestilence. 

In 1022 the heat was so excessive, that both men and cattle were struck dead. 

In 1130 the earth yawned with drought. Springs and rivers disappeared, and even 
the Rhine was dried up in Alsace. 

In 1159 not a drop of rain fell in Italy after the month of May. 

The year 1171 was extremely hot in Germany. 

In 1232 the heat was so great, especially in Germany, that it is said tliat eggs were 
roasted in the sands. 

In 1260, many of the Hungarian soldiers died of excessive heat at the famous battle 
fought near Buda. 

The consecutive years of 1276 and 1277 were so hot and dry as to occasion a great 
scarcity of fodder. 

The years 1293 and 1294 were extremely hot ; and so were likewise 1303 and 1304, 
both the Rhine and the Danube having dried up. 

In 1333 the corn-fields and vineyards were burnt up. 
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The years 1393 and 1394 were excessively hot and dry. 

In 1447 the summer was extremely hot. 

In the successive years 1473 and 1474 the whole earth seemed on fire. In Hungary, a 
person might wade across the Danube. 

The four consecutive years 1538, 1539, 1540, and 1541 were excessively hot, and the 
rivers dried up. 

In 1556 the drought was so great that the springs failed. In England, wheat rose from 
8 shillings to 53 shillings a quarter. 

The years 1615 and 1616 were very dry all over Europe. 

In 1646 it was excessively hot. 

In 1652 the warmth was very great, the summer being the driest ever known in Scot- 
land. A total eclipse of the sun had happened that year, on Monday the 24th of March, 
which hence received the appellation of MM Monday. 

The summer of 1679 was extremely hot. It is related, that one of the minions of 
tyranny, who in that calamitous period harassed tlie poor presbyterians'in Scotland with 
captious questions, having asked a shepherd in Fife, whether the killing of the notorious 
Sharp, Archbishop of St. Andrew’s, which had happened in May, was murder ; he 
replied, that he could not tell, but there had been fine weather ever since. 

4’he year 1700 was excessively warm, and the two Ibllowing years were of the same 
description. 

In 1718 the weather was extremely hot and dry all over Europe. The air felt so 
oppressive, that all the theatres were shut in Paris. Scarcely any rain fell for the space 
of nine months, and the springs and rivers were dried up. The following year was 
equally hot. The thermometer at Paris rose to 98® of Fahrenheit. The grass and corn 
were (juite parched. In some [)laces the fruit trees blossomed two and three times. 

Both the years 1723 and 1724 were dry and hot. 

The year 1745 was remarkably warm and dry; but the following year was still hotter, 
insomuch that the grass withered, and the leaves dropped Irom the trees. Neither rain 
nor dew fell for several months; and, on the continent, prayers were offered up in all the 
churches to implore the bounty of refreshing showers. 

In 1748 the summer was again very warm. 

In 1754 it was likewise extremely warm. 

The years 1760 and 1761 were both of them remarkably hot, and so was the year 
1763. 

In 1774 it was excessively hot and dry. 

Both the years 1778 and 1779 were warm and very dry. 

The year 1788 was also very hot and dry; and ol’ the same character was 1811, 
famous for its excellent vintage, and distinguished by the appearance of a brilliant 
comet. 

It may be concluded from these notices, that the climate of Europe during the last 
fourteen centuries has been gradually acquiring a more genial character, and that the 
seasons of intense cold occur at more distant intervals than formerly. This effect is no 
doubt due to the destruction of the immense forests that once overspread the face of 
Gaul, Germany, and Britain; to the extinction of bogs and morasses by drainage; and 
to the more careful and vastly extended cultivation of the soil. Capricious as the occur- 
rence of great seasonal heat and cold appears in the preceding record, it has been 
thought that we obtain a glimpse of those great cycles, which result from the varied 
aspects of the sun, combined with the feebler influence of the moon, such as the inter- 
mediate period of nine years, answering nearly to the semi-revolution of the lunar nodes 
and apogee. “ Thus,” observes Leslie, “ of the years remarkably cold, 1622 was sue- 
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ceeded) after the interval of four periods, or 36 years, by 1658, whose severity lasted 
through the following year. The same interval brings us to 1695, and live periods more 
extend to 1740, a very famous cold year; three periods now come down to 1767, nine 
years more to 1776, and eighteen years more to 1794, the cold continuing through 1795. 
Of the hot years, it may be observed, that four periods of nine years extend from 1616 to 
1652, and three such again to 1679. From 1701 to 1718, there was an interval of 17 
years, or very nearly two periods, while three periods i*each to 1745, another period to 
1754, and one more falls on 1763 ; and from 1779 to 1788 there are just nine years.” 

But if Europe has a somewhat milder climate now than a thousand years back, the 
evidence is irresistible, of an age of very high temperature, corresponding to that of the 
torrid zone, having once characterised the whole northern hemisphere. The fossil flora 
of our coal deposits plainly indicate a tropical climate by their gigantic size ; and the 
carboniferous formation occurs in Melville Island, a latitude within fifteen degrees of the 
pole. The fossil corals in the arctic limestone show that its waters once supported 
polypi analogous to those which are found in our warm c‘(iuatorial stais. 'I'he remains of 
the elephant are found on the very shores of the frozen ocean in North Siberia; turtles, 
tortoises, and large saurians occur abundantly in the European strata ; and skeletons of 
genera now confined to the hot regions are common in rigorous wintry latitudes. The 
transport of these remains from the c(|uinoctial zone to the ])laces ol* their |»resent deposit 
cannot be admitted, owing to the perfect state in which they have been preserved, the 
leaves and most delicate parts of the tree-ferns b(‘ing quite uninjured, which is plainly 
inconsistent with the assumption of a slow' drift of one or two tiiousand miles having 
been undergone. They have undoubtedly flourished at or luair tlu*, .sites of their dej)o- 
sition, where there must have been the elevated temperature re(piisite for their growth, 
equal to that now enjoyed by the vigorous vegetation ol“ (*(pjatorial districts. What lias 
produced this change of climate is a (jucstion which wc cannot answer; but as we have 
evidence of a progressive increase of heat with the depth of mines, the high tenqierature 
of the interior might not have left the external sladl of the earth, when th(^ mammoth 
roamed on the plains of the north, the turtle inhabited its w’aters, and enormous arbo- 
rescent ferns clothed its surface. 
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CHAPTER XVL 

OITICAL PHENOMENA. 






^ convenient to place an indefinite title at 
^ the head of this chapter, in order to notice 

^ f ft -ff Ln , various classes of independent phenomena 
4 ^ ^ “ which immediately address themselves to 

t2si^ ^ ; and which are either plain develop- 

^ ments of electrical action, or simply atmo- 

"‘■fe z- ' ^ f 1 Spheric meteors, orappearances resulting from 

^ its reflecting and refractive properties, or of 

obscure origin, but manifested in the atmo- 
i'^W ^ sphere. To the former class the lightning 

- belongs, beautifully playing among the dis- 

clouds, or flashing with blinding glare 

and tremendous effect near the surface of the 

earth, warning man and beast of the presence 
of an agency able to e^^tinguish animal and vegetable life in a moment, and utterly inap- 
preciable in its swiftness, subtility, and power. At the close of a hot sultry day, over a level 
country, the igneous meteor often exhibits itself, in rapidly succeeding, broad, noiseless, 
and imposing sheets of flame, lighting up the whole range of the horizon, revealing for the 
moment the contour of the distant landscape upon which the shadows of the night have 
gathered, and discovering the outline of the elouds in the dusky sky. These displays, 
however startling to ** the poor Indian, whose untutored mind ” is alai*med at the slightest 
deviation from the ordinary aspect of things, are always harmless, and invite by their 
innocuousness and fascination the cultivated races to watch the bounding coruscations 
of the elastic element, besides contributing to render the fields of corn ripe unto the 
harvest. But it is otherwise when heat has overcharged the atmosphere with vapours, 
becoming piled into clouds of gigantic dimensions and massive arehitecture, which are 
often propelled by antagonist currents, and in different electrical conditions. After an 
unusual calm of nature, oppressive to the animal system, during which not a movement of 
the air is perceptible, and the leaves hang motionless upon the trees, while the 
brute creation indicate some intelligence of an impending change by their restlessness, 


an explosion commences. The flash is seen, the thunder heard, and the clouds open their 
watery storehouse, a few distant and heavy drops increasing into a cataract of rain. Flash 
rapidly follows flash, and the interval between each appearance, and the accompanying 
thunder peal becomes less. The pale hue of the lightning is exchanged for a vivid glare, 
in which a deep yellow, red, or blue is the predominant colour, a variety of aberrations 
marking its course, the zigzag form showing that the fearful agent is near terrestrial 
objects. In this manner, “the destruction that wasteth at noonday^ is frequently 
exhibited, now striking man and beast to the earth, or rending asunder the mighty oak 
of the forest, or firing the vessel of the hapless seaman, or shivering “ the cloud-capt 


towers and gorgeous palaces,” the fanes of religion and the fortresses of war. Man has 
then a solemn sense of his helplessness and danger ; and almost every creature S3rmpathises 
with him. The eel is restless in his muddy bed — the horse trembles beneath his rider— 
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the cattle gather lowing to a covert — the eagle nestles in the cleft of the rock with 
folded wings — the hart looks wild and anxious ; only the poor seal seems to experience 
agreeable sensations, for he will come out of his hiding-place in the deep, at the call of 
the thunder, and repose upon some overhanging ledge, as if calmly enjoying the convulsion 
of the elements. 

Since the month of June 1752, when Franklin performed the celebrated kite experi- 
ment, by which he became the modern Prometheus, bringing down the celestial lire to the 
earth, the identity of lightning and electricity has been universally known. The theory 
of the electric fluid, as it is called, is to be sought for in philosoiihicnl treatises, our 
province being to notice its distribution, phenomena, and eflects. I'liat subtle principle, 
which the Greeks denominated electricity, from t?\c»:rpoi’, amber, because the property w'as 
first noticed in that substance, appears to be a universally dilFused agent, its presence 
having been detected in connection with the clouds, with hail, rain, and snow, with vege- 
tation, animals, and the interior strata of the earth. But undue accumulation transpires 
— the electrical equilibrium is disturbed ; and the resulting phenomena of equalisation 
are lightning and thunder. 'J'hus two clouds, or a cloud and the earth, unequally electrified, 
tend to return to a condition of equality through a conducting medium, a metallic or moist 
body having the preference as a conductor, the discharge of electricity appearing in the 
form of a spark or flash, accompanied by a loud detonation according to its violence, the 
peal rebounding in echoes from cloud to cloud, and from hill to hill. Some regions of the 
globe are peculiarly subject to accumulations of electricity. Mr. Hamilton, in his work on 
Asia Minor, observes : — “ One of the most remarkable phenomena which I observed in 
Angora, was the great degree of electricity which seemed to pervade everything. I 
observed it particularly in silk handkerchiefs, linen and woollen stufls. At times, when I 
went to bed in the dark, the sparks which were cmitt(;d from the blanket gave it the 
appearance of a sh(*<;t of fire ; when I took up a silk handkerchief, the crackling noise 
would resemble that of breaking a handful of dried leaves or grass ; and on one or two 
occasions I clearly felt my hands and fingers tingle from the electric fluid. I could only 
attribute it to the extreme dryness of the atmosphere, and moiruuitary friction. I did 
not observe that it was at all influenced by wind ; the phenomena were the same, whether 
by night or by day, in wind or (talin. Not a cloud was visible during the whole of my 
stay.” Similar striking indications of the prevalence of electric action have frequently 
been observed by travellers when near the summits of high mountains, as by Sir W. 
J. Hooker on Ben Nevis, Saussure on Mont Blanc, and Tupper on Mount Etna. The 
latter, descending a field of snow, a gcKid conductor, Adt a slight shock upon entering a 
cloud which seemed electric, with a sensation of pain in the back. The hair of his head 
stood erect, and upon moving the hand near the head, a humming sound proc^eedeil fiom 
it, which arose from a succession of sparks. Though a situation of great danger, yet we 
have several instances of such clouds having been traversed with impunity, when in the act 
of electrical explosion. The Abbe Richard, in August 1778, passed through a thunder- 
cloud on the small mountain called Boyer, between Chalons and Tournus. Before he entered 
the cloud, the thunder sounded, as it is wont to do, with a prolonged reverberation ; but 
when enveloped in it, only single peals were heard, with intervals of silence, without any 
roll ; and after he had passed above the cloud, it reverberated as before, and the lightning 
flashed. The sister of M. Arago was a j>arty to a similar occurrence between Estagel 
and Limoux, and some officers of engineers likewise, during a trigonometrical survey on 
the Pyrenees. 

The energy of atmospheric electricity appears to decrease as we recede from the 
equator to the poles, thus sympathizing wdth light and heat ; for it is in tropical countries 
that the most terrific flashes of lightning and the loudest bursts of heaven’s artillery 
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occur. Awful as these manifestations are occasionally in our temperate climate, they are 
but as a skirmishing of outposts to the general engagement of armies, when compared 
with inter-tropical displays. In Hindustan, in the Indian Ocean, along the African coast 
otf Cape St. Verde, and in Central America, there is often a scene exhibited, which seems 
a rehearsal of the day ‘‘ when the heavens being on fire shall pass away with a great 
noise.” Humboldt, during his residence at Cumana, witnessed a coincident development 
of electrical action, peculiar atmospheric phenomena, and terrestrial disturbance, during 
what is called the winter of that region. From the 10th of October to the 3rd of Novem- 
ber, a reddish vapour rose in the evening, and in a few minutes covered the sky. The 
hygrometer gave no indication of humidity ; the diurnal heat was from 82*4® to 89*6.® 
The vapour disappeared occasionally in the middle of the night, when brilliantly white 
clouds formed in the zenith, extending towards the horizon. They were sometimes so 
transparent, that they did not conceal stars even of the fourth magnitude, and the lunar spots 
were clearly distinguisliable through the veil. The clouds were arranged in masses at 
equal distances, and seemed to be at a prodigious elevation. From the 28th of October 
to the 3rd of November, the fog was thicker than it had been before ; and the heat at 
night was stifling, though tlie thermometer indicated only 78*8®. There was no evening 
breeze. The sky ap[)eared as if on fire, and the ground was everywhere cracked and 
dusty. About two o’clock in the afternoon of November 4th, large clouds of extraordinary 
blackness enveloped the mountains of the Brigantine and Tataraqual, extending gradually 
to the zenith. About four, thunder was heard overhead, but at an immense height, and 
with a dull and often interrupted sound. At the moment of the strongest electric explosion, 
two shocks of an earthquake, separated by an interval of fifteen seconds, were felt. The 
people in the streets filled the air with their cries. Bonpland, who was examining plants, 
was nearly thrown upon the floor, and Humboldt, who yvixs lying in his hammock, felt the 
concussion strongly. A few minutes before the first, there was a violent gust of wind 
followed by large drops of rain. 'J’he sky remained cloudy, and the blast was succeeded 
by a dead calm, which continued all night. The sunset was a scene of great magnificence. 
The dark atmospheric shroud was rent asunder close to the horizon, and the sun appeared at 
12® of altitude on an indigo ground, his disc enormously enlarged and distorted. The clouds 
were gilded on the edges, and bundles of rays reflecting the most brilliant prismatic colours 
extended over the heavens. About nine in the evening, there was a third shock, which, 
though much slighter, was evidently attended with a subterranean noise. In the night 
between the 3rd and 4th of November, the red vapour before mentioned had been so thick, 
that the place of the moon could only be distinguished by a beautiful halo, 20® in 
diameter. The vajiour ceased to appear on the 7th ; the atmosphere then assumed its 
former purity; and the night of the 11th was cool and extremely lovely. This account, 
with similar details from other observers, seems to indicate a more intimate relation 
than is generally admitted between the interior of the earth, and its external atmo- 
sphere. 

Among the regions peculiarly subject to electric phenomena is the country around the 
estuary of the Rio Plata. In the year 1793, one of the most destructive thunder-storms 
perhaps on record, happened at Buenos Ayres, when thirty-seven places in the city were 
struck by the lightning, and nineteen of the inhabitants killed. It is an observation of Mr. 
Darwin, founded on statements in books of travels, that thunder-storms are very common 
near the mouths of great rivers ; and he conjectures that this may arise from the mixture 
of large bodies of fresh and salt water disturbing the electrical equilibrium. “ Even,” he 
remarks, “ during our occasional visit to this part of South America, we heard of a ship, 
two churches, and a house, having been struck. Both the church and the house I saw 
shortly afterwards. Some of the effects were curious : the paper, for nearly a foot on 



OPTICAL PHENOMENA. 


519 


each side of the line where the bell-wires had run, was blackened. The metal had been 
fused, and although the room was about fifteen feet high, the globules, dropping on the 
chairs and furniture, had drilled in them a chain of minute holes. A part of the wall 
was shattered as if by gunpowder, and the fragments had been blown off with force 
sufficient to indent the wall on the opposite side of the room. The frame of a looking-glass 
was blackened ; the gilding must have been volatilized, for a smelling-bottle, which stood 
on the chimney-piece, was coated with bright metallic particles, which adhered as firmly 
as if they had been enamelled.” Near the sliores of tlie Rio Plata, in a broad band of 
sand hillocks, he found those singular specimens of electric architecture, a group of 
vitrified siliceous tubes, formed by the lightning striking into loose sand. These tubes 
had a glossy surface, and were about two inches in circumference, the thickness of the 
wall of each tube varying from the twentieth to the thirtieth part of an inch. Four sets 
were noticed, probably not produced by successive distinct discharges, but by the 
lightning dividing itself into separate branches before entering the ground. Similar 
cylindrical formations hjive been noticed in other places. Dr. Priestley has describt^d, in 
the Philosophical Transactions, some siliceous tubes, which were found in digging into the 
ground, under a tree, where a man had been killed by lightning ; and at Drigg in Cum- 
berland, three were observed, within an area of fifteen yards, one of which was traced to 
a depth of not less than thirty feet. In the temperate climates, electrical phenomena 
are most common and usually most energetic in the summer season, and the displays are 
grander and more formidable in mountainous than in level countries. As we approach 
the poles, they become less striking ; thunder is rarely heard in high northern latitudes, 
and only as a feeble detonation ; and though lightning is more common, it is seldom 
destructive. In Iceland, in the winter, it often plays in the impressive- but harmless 
manner which the natives call laptelltur. This is a fluctuating appearance of the whole, sky, 
as if on fire, accompanied by a strong wind and drifting snow, but inflicting no further 
damage than that arising from the terrified cattle falling over the rocks in their efforts to 
escgpe from the phenomenon. 

The rapidity of lightning, as measured by means of the camera lucida, M. Ilelvig estimates 
at probably eight or ten miles in a second, or about forty times greater velocity than 
that of sound ; and according to M. Gay Lussac, a flash sometimes darts more than throe 
miles at once in a straight direction. M. Arago distinguishes three classes of lightning : 
First, luminous discharges characterised by a long streak of light, very thin, and w’ell 
defined at the edges, of a white, violet, or purple hue, moving in a straight line, or 
deviating into a zigzag track, frequently dividing into two or more streams in striking 
terrestrial objects, but invariably proceeding from a single point. Secondly, he notices 
expanded flashes spreading over a vast surface without having any apparent depth, of a 
red, blue, or violet colour, not so active as the former class, and generally confined to the 
edges of the clouds from which they ajipear to proceed. Thirdly, he mentions concentrated 
masses of light, which he terms globular lightning, which seem to occupy time, to endure 
for several seconds, and to have a progressive motion. Mr. Heardcr of Plymouth describes 
a discharge of lightning of this kind, on the Dartmouth hills, very near to him. Several 
vivid flashes had occurred before the mass of clouds approached the hill on which he was 
standing ; and before he had time to retreat from his dangerous position, a tremendous 
crash and explosion burst close to him. The spark had the appearance of a nucleus of 
intensely ignited matter, followed by a flood of light. It struck the path near him, and 
dashed with fearful brilliancy down its whole length to a rivulet at the foot of the hill, 
where it terminated. Analogous to the discharges described as globular lighti\ing are the 
fire-balls so often noticed, about which there has been no little scepticism ; but the 
evidence cannot reasonably be doubted, that displays of electrical light have repeatedly 
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occurred, conveying the impression of balls of fire to the observer. An instance is given 
by Mr. Chalmers while on board the Montague, of seventy-four guns, bearing the flag of 
Admiral Chambers. In the account read to the Koytd Society, he states, that “on 
November 4th, 1749, while taking an observation on the quarter-deck, one of the quarter- 
masters requested him to look to windward, upon which he observed a large ball of blue 
fire rolling along on the surface of the water, as large as a mill-stone, at about three miles 
distance. Before they could raise the main tack, the ball had reached within forty yards 
of the main-chains, when it rose perpendicularly with a fearful explosion, and shattered 
the main-topmast to pieces.” In an account of the fatal effects of lightning in June 1826, 
on the Malvern Hills, when two ladies were struck dead, it is stated, that the electric 
discharge appeared as a mass of fire rolling along the hill towards the building in which 
the party had taken shelter. 

Mr. Snow Harris remarks upon tt»e difficulty of explaining these appearances on the 
principles applicable to the ordinary electric spark. The amazing rapidity of the latter, 
and the momentary duration of the light, render it impossible that they should be identical 
with it ; but he conjectures, that there may be a “glow discharge ” preceding the main 
shock, some of the atmospheric particles yielding up their electricity by a gradual process 
before a discharge of the whole system takes place. In this view, the distinct balls of fire 
of sensible duration which have been perceived, are produced in a given point or points 
of a charged system previously to the more general and rapid union of the electrical 
forces. The remarkable appearance, called the Mariners* Lights, or St. Elmo’s Fire, 
has frequently been observed during storms at sea. Pliny mentions lights noticed 
hy the Kornan mariners during tempests, flickering about their vessels, to which Seneca 
likewise makes allusion. By the superstition of modern times they have been converted 
into indications of the guardian presence of St. Elmo, the patron saint of the sailor, hence 
called cnerpo snnte by the Spanish mariners. During the second voyage of Columbus 
among the West India islands, a sudden gust of heavy wind came on in the night, and his 
crew considered themselves in great peril, until they beheld several of these lambent 
flames jdaying about the toj)s of the masts, and gliding along the rigging, which they 
hailed as an assurance of their sujiernatural protector being near. Fernando Columbus 
records the circumstance in a manner strongly characteristic of the age in which he lived. 
“ On the same Saturday, in the night, was seen St. Elmo, with seven lighted tapers, at the 
topmast. There was much rain and great thunder. I mean to say that those lights 
were seen wdiich mariners affirm to be the body of St. Elmo, on beholding which they 
chanted many litanies and orisons, holding it for certain, that in the tempest in which he 
appears, no one is in danger.” A similar mention is made of this nautical superstition in 
the voyage of Magellan. During several great storms, the presence of the saint was 
welcomed, appearing at the topmast wdth a lighted candle, and sometimes with two, upon 
which the people shed tears of joy, received great consolation, and saluted him according 
to the custom of the Catholic seamen ; but he ungraciously vanished, disappearing with a 
great flash of lightning, which nearly blinded the crew. 

It is a striking instance of the triumph of mind, that by the introduction of lightning 
conductors into different civilised states, the power of this most energetic agent of nature 
is controlled, and comparative security provided for life and property, otherwise in 
imminent jeopardy, when a severe thunder-storm occurs. Experience has taught the 
prime importance of furnishing exposed or elevated structures with a conducting apparatus, 
and has sufficiently shown that the immunity from danger enjoyed by many an •unprotected 
building has been merely accidental ; for when the teeming thunder-cloud has been wafted 
within reach of the edifice liitherto unscathed, the delusion has vanished, that man may 
carelessly and with impunity thrust up his handiwork into the region of storms, as if 
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daring the fury of the tempest, and inviting down its vengeance. The fine tower of 
St. Mark’s at Venice, rising to the height of 360 feet, terminates in a pyramid which was 
severely injured in 1388. In 1417 the pyramid was again struck, and set on fire, having 
been constructed of wood. The same event happened in 1489, when it was entirely 

consumed. After being rebuilt of stone, 

and almost destroyed. It was again ra- 
vaged in 1761 and 1762, but in 1766 a 
^ ^ ^ lightning rod was put up, which has 

V~r£ since protected it from damage. At 

- mSBSm ? — - Glogau, in Silesia, an interesting exom- 

" jjS^sL pic of the value of conductors occurred 

^ - O in the year 1782. On the 8th of May, 

RPIIl ' ^ eight o’clock in the evening, a 

I I ^ ' j thunder-storm from tlie west ajiproached 

I 5 " I the powder magazine established in the 

i i Galgnuburg. An intensely vivid flash 

^ of lightning took place, accompanied 

instantly with sucli a tremendous peal 
pi ^ thunder, that the sentinel on duty 

■<: was stupificd, and remained for awhile 

? Ir-LW *-• *' senseless, but no disaster occurred. Some 

labourers at a short distance from the 
I: lini'’7V' . inagazine saw the lightning issue from 
I'* * * ‘ the cloud, and strike the point of the 

j .i| I ) conductor, which conveyed it in safety 

^ ro. M u. V • by the combustible material. A different 

result took place with reference to a 
large quantity of unprotected ammunition, belonging to the republic of Venice, deposited 
in the vaults of the church of St. Nazaire, at Brescia. The church was struck with 
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Tower of St. Mark’!, Venice. 


lightning in the month of August, 1767, and the electric fluid, descending to the vaults, 
exploded upwards of 207,600 lbs. of powder, reducing nearly one-sixth of the fine city to 
ruins, and destroying about 3000 of the inhabitants. The following statement, which 
appeared in a respectable journal across the Atlantic, respecting a safeguard provided by 
nature from an electrical discharge, deserves a record, for the sake of inquiry into the 
correctness of the fact. The Indians, whenever the sky wears a louring aspect, so as to 
threaten a severe thunder-storm, are said to leave their pursuits and take refuge under the 
nearest beech-tree, considering it a complete protection, as it is affirmed that no instance 
has occurred of the beech having been struck by atmospheric electricity, when other trees 
of the American forests have been shivered into splinters in its neighbourhood. 

For ages the inhabitants of the globe have seen the lightning flash, and heard the 
thunder rattle ; and some writers upon the occult sciences of the ancients, as Salverte, 
have supposed that, tutored by experience, without any understanding of the theory of 
the subject, they possessed the secret of warding off from their buildings the thunderbolt, 
by a conducting apparatus. It is certain that extraordinary intimations to this effect may 
be culled from their writings. Pliny states that Tullus Ilostilius, practising Numa’s art 
of bringing down fire from heaven, and performing it incorrectly, was struck with 
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Iig1itiufig~a fate which Professor Richman of St. Petersburg experienced, while per- 
forming incautioudy the sublime experiment of Franklin, measuring the strength of the 
electridty brought down by a metallic rod in a thunder-storm, being instantly killed. 
Pliny likewise mentions the laurel as the only earthly production which lightning does 
not strike ; hence, as a protection, these trees were planted around the temple of Apollo. 
Columella, however, mentions white vines surrounding the house of Tarchon, the 
Etruscan, for the same purpose. These expedients may provoke a smile without deserving 
one ; for there can be no doubt that trees sufficiently high around a temple, or succulent 
plants covering a dwelling, will exercise to some extent a protective power, and act as a 
regular system of conductors. Salverte mentions several medals which appear to have 
reference to this subject, particularly one which represents the temple of Juno, the 
goddess of the air, the roof of which is armed with pointed rods. He quotes also Michaelis, 
upon the temple of Jerusalem, to show that the Jews were not unacquainted with the 
art of protecting their public buildings — a position grounded upon the following facts: — 
“ 1. That there is nothing to indicate that the lightning ever struck the temple of Jeru- 
salem during the lapse of a thousand years.” This, of course, does not make the fact 
certain; but when, as M. Arago justly remarks, we consider how carefully the ancient 
authors recorded the cases in which their public buildings were injured by lightning, we 
may accept the silence observed respecting the temple of Jerusalem, as proof that it was 
never struck. For three centuries the cathedral of Geneva, the most elevated in the 
city, has enjoyed a similar immunity, although inferior buildings have been repeatedly 
damaged. Saussure discovered the reason of this, in the tower being entirely covered 
with tinned iron plates, connected with different masses of metal on the roof, and again 
communicating with the ground by means of metallic pipes. “ 2. That according to the 
account of Josephus, a forest of spikes with golden or gilt points, and very sharp, covered 
the roof of this temple; a remarkable feature of resemblance with the temple of Juno 
represented on the Roman medals. 3. That this roof communicated with the caverns in 
the hill of the temple, by means of metallic tubes, placed in connection with the thick 
gilding that covered the whole exterior of the building ; the points of the spikes there neces- 
sarily producing the elfeet of lightning rods. How are we to suppose that it was only by 
chance they discharged so important a function ; that the advantage received from it had 
not been calculated ; that the spikes were erected in such great numbers only to prevent 
the birds from lodging upon and defiling tlie roof of the temple ? Yet this is the sole 
utility which the historian Josephus attributes to them.” Upon a sober review of these 
'facts, it is difficult to resist the conclusion that the ancient w^orld had some proficiency in 
the art of guiding the electric fluid from the bosom of the clouds, conducting it in a pre- 
scribed course, and thus disarming it of its terrors. 

The Subject of electrical agency is intimately connected with that of magnetism, to 
which this is the fittest place to glance, — one of the most recondite points of physical 
science. The relation between the two is evident, from the notorious fact that lightning 
often renders steel magnetic, and disturbs the magnetism of the magnetised needle, so 
that in thunder-storms the compass needles of a ship have frequently been seriously injured. 
The magnetic agency, like electricity, has a general distribution over the earth, but the 
phenomena differ in diflferent parts of the w'orld, and are subject to periodical diflTerences 
in the same place, the cause of which is very little understood. Every one is acquainted 
with the polarity of a freely suspended magnetic needle, or its tendency to lie parallel 
with the earth’s axis, pointing nearly north and south in every region of the globe. What 
is called the dtp or inclination of the needle is its divergence from a perfectly horizontal 
position. Thus the north pole of the needle inclines downwards in the latitude of London 
at an angle of 70®, but conveyed towards the equator, the dip diminishes, till no inclina- 
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tion at all appears. Transported farther towards the south, the dip again discovers itself, 
but in an opposite direction, the south pole of the needle inclining downwards. “ To 
understand the reason of this dip of the magnetic needle, and of its general direction, we 
have onlj to consider that the earth itself operates as a great magnet, the poles of which 
are situated beneath its surface. The directive property of the needle is owing to these 
poles ; and when the needle is on the north side of the equator, the north pole of the 
earth having the greatest effect, the needle is attracted downwai’ds towards the north 
pole; hence exactly over the magnetic pole the needle would be vertical. Similar 
phenomena occur in the southern hemisphere ; but here the south pole predominates, 
and of course depresses the corresponding pole of the needle j while at the magnetic 
equator, from the equal action of both poles, the needle will assume an exactly horizontal 
position.” 

But neither the magnetic equator nor the magnetic poles coincide precisely with 
the geographical equator and poles, and this difference constitutes what is termed the 
variation of the needle. From calculation, the north magnetic pole had been fixed in 
latitude 70^^, and longitude 98° 30' west, a spot which Commander Ross approached 
within the distance of ten miles, in the year 1830, but was unable to verify the site, for 
want of the requisite instruments. Upon going through a long series of calculations 
afterwards himself, he concluded the above position to have been erroneously assigned, 
and that the real point lay in latitude 70° 5' 17" north, and longitude 90° 40' 45" west, 
a spot on the western coast of Boothia, wliich he prepared to reach. On the Jst of June 
1831, at eight o’clock in the morning, he arrived at the sites to which his calculations 
pointed, and found the same day the amount of the dip to be 89° 59', only one minute 
less than 90°, the vertical position, which would have precisely indicated the polar sta- 
tion ; and the horizontal needles, suspended in the most delicate manner possible, did not 
betray the slightest movement. The spot was an unattractive level site along the const, 
rising into ridges from fifty to sixty feet high, about a mile inland, 'rhe wish expressed 
by the discoverer was natural, that a place so important had possessed more of mark or 
note, but Nature had erected no monument to denote the spot wdiich she had chosen as 
the centre of one of her “ great and dark powers.” A cairn of some miignitudo was con- 
structed by the adventurers, upon which the British flag was planted, and underneath, 
a canister was buried, containing a record of the interesting enterprise. 

The magnetic needle has frequently exhibited violent disturbance when the Aurora 
Borealis has appeared. This has led to the surmise that these brilliant lights are 
connected with the electric and magnetic properties of the earth, though in a manner 
which we cannot explain. It has been remarked that during the appearance of the 
aurora the electric fluid may often be readily collected from the air. If a current of 
electricity also be passed through an exhausted receiver, a very correct imitation of the 
auroral light will be produced, displaying the same variety of colour and intensity, and 
the same undulating motions. It is highly probable, therefore, that the beautiful and 
fantastic meteoric display is connected with electricity ; but great obscurity rests upon 
this department of meteorology. 

Of all optical phenomena, the Aurora Borealis, or the northern day-break, is one of the 
most striking, especially in the regions where its full glory is revealed. The site of the 
appearance, in the north part of the heavens, and its close resemblance to the aspect of 
the sky before sunrise, have originated the name. The “ Derwentwater Lights ” was 
long the appellation common in the north of England, owing to their display on the night 
after the execution of the unfortunate earl of that name. The scene in the illustration 
is a picture of the auroral light, as observed from the neighbourhood of Loch Leven — 
a scene in itself admirably calculated to exhibit the phenomenon ; and to convey any 
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adequate idea of its magical aspect, as seen in 
high latitudes, the painter’s hand and the poet’s 
art are needed. A native Uussian, Lomonosov, 
thus refers to the spectacle; — 



“ Where nre thy secret Jaws, () Nature, wlu rc: 

'I'liy toreh-lii'lits dazzle in the wintry zone ; 

IIow dost thou light from ice thy torches there? 
n»ere has t!«y sun some sacred, secret throne ? 

See in your frozen sea what glories have their birth ; 
Tl)ence night leads forth the day t’ illuminate the earth. 


“ Come then, phiioaoidier, whose privileg’d eye 
Heads Nature’s hidden pages and decrees : 

Come now, and tell us whence, and where, and why, 
Karth’s icy regions glow with lights like these, 

That (ill our souls with awe ; profound inquirer, say, 

For thou dost count the stars, and trace the planet’s way. 


** What (ills with dazzling lieams the illumin’d air? 

What wakes the flames that light the firmament ? 

The lightnings flash ; there is no thunder there. 

And earth and heaven with flery sheets are blent; 
The winter's night now gleams with brighter, lovelier ray, 
Than ever yet adorn'd the golden summer’s day. 

** Is there some vast, some hidden magazine, 

Where the grass darkness flames of fire supplies? 
Sonic phosphorous fabric, which the mountains screen. 
Whose clouds of light above those mountains rise ? 
Wlicre the winds rattle loud around the foaming sea. 

And lift the waves to heaven in thundering revelry ? ** 
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The appearances exhibited by the aurora are so various as to render it impossible to 
comprehend eveiy particular in a description that must be necessarily brief and general. 
A cloud, or haze, is commonly seen in the northern region of the heavens, but often 
bearing towards the east or west, assuming the form of an arc, seldom attaining a greater 
altitude than 40®, but varying in extent from 5® to 100®. The upper edge of the cloud 
is luminous, sometimes brilliant, and irregular. The lower part is frequently dark and 
thick, with the clear sky appearing between it and the horizon. Streams of light shoot 
up in columnar forms from the upper part of the cloud, now extending but a few degrees, 
then as far as the zenith, and even beyond it. Instances occur in which the whole 
hemisphere is covered with these coruscations ; but the brilliancy is the greatest, and the 
light the strongest, in the north, near the main body of the meteor. The streamers have 
in general a tremulous motion, and when close together present the appearance of waves, 
or sheets of light, following each other in rapid succession. But no rule obtains with 
reference to these streaks, which have acquired the name of “ the merry dancers,” from 
their volatility, becoming more quick in their motions in stormy weather, as if sym- 
pathising with the wildness of the blast. Such is the extraordinary aspect they present, 
that it is not surprising the rude Indians should gaze upon them as the spirits of their 
fathers roaming through the land of souls. They are variously white, pale red, or of a 
deep blood colour, and sometimes the appearance of the whole rainbow as to hue is 
presented. When several streamers emerging from different points unite at the zenith, 
a small and dense meteor is formed, which seems to burn with greater violence than the 
separate parts, and glows with a green, blue, or purple light. The display is over some- 
times in a few minutes, or continues for hours, or through tlie whole night, and appears 
for several nights in succession. Captain Beechey remarked a sudden illumination to 
occur at one extremity of the auroral arch, the light passing along the belt with a tremulous 
hesitating movement towards the opposite end, exhibiting the colours of the rainbow ; and 
as an illustration of this apt)earance, he refers to that presented by the rays of some 
molluscous animals in motion. Captain Parry notices the same effect as a common one 
with the aurora, and compares it, as far as its motion is concerned, to a person holding a 
long riband by one end, and giving it an undulatory movement through its wliole length, 
though its general position remains the same. Captain Sabine likewise speaks of the 
arch being bent into convolutions, resembling those of a snake in motion. Both Parry, 
Franklin, and Beechey agree in the observation that no streamers were ever noticed 
shooting downwards from the arcli. 

The preceding statement refers to aurora in high northern latitudes, where the full 
magnificence of the phenomenon is>displayed. It forms a fine compensation for the long 
and dreary night to which these regions are subject, the gay and varying aspect of the 
heavens contrasting refreshingly with the repelling and monotonous appearance of the 
earth. We have already stated that the direction in which the aurora generally makes 
its first appearance, or the quarter in which the arch formed by this meteor is usually 
seen, is to the northward. But this does not hold good of very high latitudes, for by the 
expeditions which have wintered in the ice, it was almost always seen to the southward ; 
while by Captain Beechey, in the Blossom, in Kotzeme Sound, 250 miles to the southward 
of the ice, it was always observed in a northern direction. It would appear, therefore, 
from this fact, that the margin of the region of packed ice is most favourable to the 
production of the meteor. The reports of the Greenland ships confirm this idea; for, 
according to their concurrent testimony, the meteoric display has a more brilliant aspect 
to vessels passing near the situation of the compact ice, than to others entered far within 
it. Instances, however, are not wanting, of the aurora appearing to the south of the 
zenith in comparatively low latitudes. Lieutenant Chappell, in his voyage to Hudson’s 
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Bay, speaks of its forming in the zenith, in a shape resemhling that of an umbrella, 
pouring down streams of light from all parts of its periphery, which fell vertically over 
the hemisphere in every direction. As we retire from the Pole, the phenomenon becomes 
a rarer occurrence, and is less perfectly and distinctly developed. In September 1828, it 
was observed in England as a vast arch of silvery light, extending over nearly the whole 
of the heavens, transient gleams of light separating from the main body of the luminosity ; 
but in September 1 827 its hues were red and brilliant. Dr, Dalton has furnished the 
following account of an aurora, as observed by him on the 15th of October, 1792:— 
“ Attention,” he remarks, “ was first excited by a remarkably red appearance of the 
clouds to the south, which afforded sufficient light to read by at 8 o’clock in the evening, 
though there was no moon nor light in the north. From half-past nine to ten there was 
a large, luminous, horizontal arcli to the southward, and several faint concentric arches 
northward. It was particularly noticed that all the arches seemed exactly bisected by the 
plain of the magnetic meridian. At half-past ten o’clock streamers appeared, very low in 
the south-east, running to and fro from west to east. They increased in number, and 
began to approach the zenith apparently with an accelerated velocity, when all on a sudden 
the whole hemisphere was covered with them, and exhibited such an appearance as 
surpasses all description. The intensity of the light, the prodigious number and volatility 
of the beams, the grand intermixture of all the prismatic colours in their utmost splendour, 
variegating the glowing canopy with the most luxuriant and enchanting scenery, afforded 
an awful, but at the same time the most pleasing and sublime spectacle in nature. Every 
one gazed with astonishment, but the uncommon grandeur of the scene only lasted one 
minute. The variety of colours disappeared, and the beams lost their lateral motion, and 
were converted into the flashing radiations. The aurora continued for several hours.” 
A copious deposition of dew — hard gales in the English Channel — and a sudden thaw 
after great cold in northern regions, arc circumstances which have been frequently noticed 
in connection with auroral displays. 

The sky of the southern hemisphere occasionally exhibits this strange and mysterious 
light, contrary to an old opinion upon the subject ; and here it must be called Aurora 




OPTICAL PHENOMENA. 


627 


Australis, the southern day -break. Its appearance, however, is far from being so common 
as in the northern zone, and is much less imposing. Don Antonio Ulloa, off Cape Horn, 
in tlie year 1745, witnessed the first appearance of the kind upon record in this region. 
Upon the clearing off of a thick mist, a light was observed in the southern horizon, 
ext(‘nding to an elevation of about thirty degrees, sometimes of a reddish colour, and 
sometimes like the light which precedes the rise of the moon, but occasionally more bril- 
liant. Captain Cook, in the same latitudes, had more distinct views of the luminous 
streamers adorning the night-sky of the south. In the course of his second voyage he 
remarks, that on February the 17th, 1773, “a beautiful phenomenon was observed in the 
heavens. It consisted of long colours of a clear white light, shooting up from the horizon 
to the eastward, almost to the zenith, and spreading gradually over the whole southern 
part of the sky. These columns sometimes bent sideways at their upper extremity ; and 
though in most respects similar to the northern lights, yet differed from them in being 
always of a whitish colour, whereas ours assume various tints, especially those of a purple 
and fiery hue. The stars were sometimes hid by, and sometimes faintly to be seen 
through, the substance of these southern lights, Aurora Australis, The sky was generally 
clear when they appeared, and the air sharp and cold, the thermometer standing at the 
freezing point, the ship being in latitude 58° south. 

The history of auroral phenomena goes back to the time of Aristotle, who undoubtedly 
refers to the exhibition in his work on meteors, describing it as occurring on calm nights, 
having a resemblance to flame mingled with smoke, or to a distant view of burning 
stubble, purple, bright red, and blood-colour, being the predominant hues. Notices of it 
are likewise found in many of the classical writers ; and the accounts which occur in the 
chronicles of the middle ages, of surprising lights in the air, converted by the imagination 
of the vulgar into swords gleaming and armies fighting, are allusions to the play of the 
northern lights. There is strong reason to believe, though the fact is perfectly inscrutable, 
that the aurora has been much more common in the European region of the northern 
zone, during the last century and a half, than in former periods. A very brilliant 
appearance took place on the 6th of March 1716, which forms the subject of a paper by 
Halley, who remarks, that nothing of the kind had occurred in England for more than 
eighty years, nor of the same magnitude since 1574, or about 140 years previous, in the 
reign of Queen Elizabeth, when Camden and Stow were eye-witnesses of it. The latter 
states in his Annals, that on November 14th, “were seen in the air strange impressions of 
fire and smoke to proceed forth from a black cloud in the north towards the south — 
that the next night the heavens from all parts did seem to burn marvellous ragingly, and 
over our heads the flames from the horizon round about rising did meet, and there double 
and roll one in another, as if it had been in a clear furnace.” The year following, 1575, 
it was twice repeated in Holland, but not observed in this country ; and as a specimen of 
the tone of thought respecting the aurora, the description of Cornelius Gemma, a pro- 
fessor in the university of Louvain, may be given. Referring to the second instance of 
the year, and speaking in the language of the times, he remarks ; — “ The form of the 
Chasma of the 28th of September following, immediately after sunset, was indeed less 
dreadful, but still more confused and various ; for in it were seen a great many bright 
arches, out of which gradually issued spears, cities with towers and men in battle array ; 
after that, there were excursions of rays every way, waves of clouds and battles 
mutually pursued and fled, and wheeling round in a surprising manner.” This phenomenon 
was repeatedly observed in the last century in Sweden, ns at present ; but prior to the 
year 1716, the inhabitants of Upsal considered it as a great rarity. Nothing is more 
common now in Iceland than the northern lights, exhibited during the winter with im- 
posing grandeur and brilliance : but Torfaeus, the historian of Denmark^ an Icelander, who 
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wrote in 1706, records his remembrance of the time when the meteor was an object of 
terror in his native island. It deserves remark, that its more frequent occurrence in the 
Atlantic regions has been accompanied by its diminution in the eastern parts of Asia, as 
Baron Von Wrangel was assured by the natives there, who added that formerly it was 
brighter than at present, and frequently coloured like the rainbow. A work by M. de Mairan, 
entitled, Traite Physique et Historique de VAurore Boreale^ published in 1754, records 
all the observations of aurora from the sixth century down to that date, as far as they 
appear upon the page of history. From this work, the singular view of an auroral 
appearance now given is copied, which was observed for a few minutes at Breuillepont, 
in Normandy, on the 19th of October, 1726. The gross number of distinct phenomena 
enumerated by M. Mairan, amounts to 1441, distributed as follows : — 


From A. D. 583 

to A. D. 1354 


Number observed. 

26 

1354 

1560 


34 

1560 

1592 

- 

69 

1592 

1633 

- 

70 

1633 

1684 

- 

34 

1684 

1721 

- 

. 219 

1721 

1745 

. 

- 961 

1745 

1751 

- 

• 28 

Of course, during the earlier periods, we must suppose that a great many instances 
occurred which found no record ; but the high numbers which appear after the close of 


the seventeenth century, may be considered as confirming the presumption of auroral 
exhibitions having become more common in European localities. Distributed according 
to the different months in which the aurora appeared, the numbers to be assigned to each 
are — 


January 

- 113 

July - - • • 

. - 22 

February 

. 141 

August . i. » 

- 84 

March 

* • ■ 202 

September - - - 

. 172 

April - 

• • -124 

October - - . 

- - 212 

May - 

- . . 45 

November - - - 

- 153 

June * * 

- 22 

December - - - 

* 151 

The instances in the winter half-year amount to 972, and those in 
being nearly in the proportion of 2 to 1 in favour of the former. 

the summer to 


It has been repeatedly affirmed, that auroral displays are attended with sound, variously 
described as a hissing, murmuring, and crackling noise. Blagden and Gmelin offer 
several testimonies of a rustling noise having been occasionally heard ; Nairnc, Cavallo, 
and others speak of a hissing sound ; and Henderson remarks, that in Iceland, when 
the coruscations are particularly quick and vivid, a crackling noise is heard, resembling 
that which attends the escape of the sparks from an electric machine. Captain Lyon 
observes, that the sudden glare and rapid bursts of those wondrous showers of fire that 
appear in the sky make it difficult to fancy their movements wholly without sound, but 
nothing was ever heard by him, or by his companion Captain Parry. The latter states, 
that it was too cold to admit of the ears being long uncovered ; but Lyon declares, that he 
stood for hours on the ice listening, and at a distance from every sounding body, without 
catching the faintest noise. But the counter testimonies are so numerous, that this point 
must be deemed at present an open question. Dr. Richardson was an attentive student of 
the aurora during the arctic land expedition of Captain Franklin ; and though he never 
heard any sound that could be unequivocally considered as originating with the meteor, 
yet the united testimony of the natives, both Crees, Copper Indians, and Esquimaux, and 
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of all the older residents at the European ports, induced him to believe that its motions 
are sometimes audible. It has also been debated, what effect the auroral light produced 
upon the stars in its path, respecting which. Parry states : — “Of its dimming the stars 
there cannot be a doubt ; we remarked it to be in this respect like drawing a gauze veil 
over the heavens in that part, the veil being the thickest when two of the luminous sheets 
met and overlapped.” 

Various results of calculation have been given as to the elevation of auroral phe- 
nomena. They clearly occur within the limits of our atmosphere, from the fact of 
the earth’s diurnal motion having no effect upon the apparent position of the meteor. 
M. de Mairan assigns to it a mean height of 175 French leagues, equal to 464 English 
miles ; Dr. Dalton concludes the average elevation to be about 100 English miles ; but 
according to Parry, the auroral appearances seemed to be full as near as many of the 
clouds commonly seen. In one instance, the aurora appeared to be connected with a very 
remarkable cloud of a light brown colour, resembling an immense volume of smoke, or a 
powder magazine in a state of explosion, (the comparison of the gunner,) for upon the 
breaking up of the cloud the phenomenon was seen in the same [)art of the heavens. The 
experience of Beechy is in favour of a comparatively low elevation. “ We frequently 
observed,” he states, “ the aurora attended by a thin, fleecy, cloud-like substance, which, 
if not part of the meteor, furnishes a proof of the displays having taken jilace within the 
region of our atmosphere, as the light was decidedly seen between it and the earth. This 
was particularly noticed on the 28th of September, 1827. The aurora on that night began 
by forming two arches from W. by N. northward to E, by N., and about eleven o’clock 
threw out brilliant coruscations. Shortly after the zenith was obscured by a lucid haze, 
which soon condensed into a canof)y of light clouds. We could detect the aurora above 
this canopy by several bright arches being refracted, and by brilliant colours being 
apparent in the interstices. Shortly afterwards the meteor descended, and exhibited a 
splendid appearance, without any interruption from clouds, and then retin^d, leaving the 
fleecy stratum only visible at first. This occurred several times, and left no doubt in my 
own mind of the aurora being at one time above, but at another below, the canopy formed 
about our zenith. The supposition of the light being at no great elevation, is strengthened 
by the different appearances exhibited by the aurora at the same times, to observers not 
more than from ten to thirty miles apart ; and also by its being visible to jiersons on 
board the ship at Chamisso Island after it had vanished in Escholtz Bay, only ten miles 
distant, as well as by the aurora being seen by the barge detached Irom the Blossom 
several days before it was visible to persons on boanl the ship, about two hundred miles to 
the southward of her. Captain Franklin has mentioned a similar circumstance in his 
notices on the Aurora Borealis in his first expedition, when Dr. Richardson and Mi‘. 
Kendall were watching for the appearance of the mc^teor by agreement, and when it was 
seen by the former actively sweeping across the heavens and exhibiting ju-isrnatic colours, 
without any appearance of the kind being witnessed by the latter, then only twenty miles 
distant from his companion. Cai)tain Parry also, in his third voyage, descrilxis the aurora 
as being seen even between the hills and the ship anchored at Port Bowen.” Still, it is 
unquestionable, that the aurora occasionally occurs in the highest regions of the atmo- 
sphere, as in the grand example of 1716, which was simultaneously observed in places 
very remote from each other, and ascertained to be visible from latitude 50® north, all 
over Europe, between the confines of Russia on the east and Ireland on the west, — 
a sufficient evidence of its very great altitude. 

From optical phenomena belonging to the electric class, or which are supposed to have 
electrical connections, we proceed to consider the appearances which simply result fPom 
peculiar atmospheric conditions. 
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L Halos, The simplest form of the halo is that of a white concentric ring surrounding 
the sun or moon, a verj common appearance in our climate in relation to the moon, occa- 
sioned by very thin vapour, or minute particles of ice and snow, diffused through the atmo- 
sphere, deflecting the rays of light Double rings are occasionally seen, displaying the 
brightest hues of the rainbow. The coloured ring is produced by globules of visible 
vapour, the resulting halo exhibiting a character of density, and appearing contiguous to 
the luminous body, according as the atmosphere is surcharged with humidity. Hence a 
dense halo close to the moon is universally and justly regarded as an indication of coming 
rain. It has been stated as an approximation, that the globules which occasion the appear- 
ance of coloured circles vary from the 5000th to the 50,000th part of an inch in diameter. 
Though seldom apparent around the sun in our climate, yet it is only necessary to remove 
that glare of light which makes delicate colours appear white, to perceive segments of 
beautifully tinted halos on most days when light fleecy clouds are present. The illustra- 
tion shows a nearly complete and slightly elliptical ring around the sun, the lower portion 
hidden by the horizon, which was distinctly observed during the past summer in the 
neighbourhood of Ipswich, of an extremely pale pink and blue tint. When Humboldt 
was at Cuinana, a large double halo around the moon fixed the attention of the inhabitants, 
who considered it as the presage of a violent earthquake. The hygrometer denoted great 
humidity, yet the vapours appeared so perfectly in solution, or rather so elastic and 
uniformly disseminated, that they did not alter the transparency of the atmosphere. The 
moon arose after a storm of rain behind the Castle of St. Antonio. As soon as she 
appeared on the horizon, two circles were distinguished, one large and whitish, 44° in 
diameter, the other smaller, displaying all the colours of tlie rainbow. The space between 
the two circles was of the deepest azure. At the altitude of 4° they disappeared, while the 
meteorological instruments indicated not the slightest change in the lower regions of the 
air. The phenomenon was chiefly remarkable for the great brilliancy of its colours, 
and for the circumstance that, according to the measures taken with Ramsden’s sextant, the 
lunar disc was not exactly in the centre of the halos. Humboldt mentions likewise 
having seen at Mexico, in extremely fine weather, large bands spread along the vault of 
the sky, converging towards the lunar disc, displaying beautiful prismatic colours ; and 
he remarks, that within the torrid zone, similar appearances are the common phenomena 
of the night, sometimes vanishing and returning in the space of a few minutes, which he 
assigns to the superior currents of air changing the state of the floating vapours, by which 
the light is refracted. Between latitude 15° of the equator, he records having observed 
small tinted halos around the planet Venus, the purple, orange, and violet being distinctly 
perceptible, which was never the case with Sirius, Canopus, or Acherner. In the northern 
regions solar and lunar halos are very (common appearances, owing to the abundance 
of minute and highly crystallised spicula of ice floating in the atmosphere. The 
arctic adventurers frequently mention the fall of icy particles during a clear sky and 
a briglit sun, so small as scarcely to be visible to the naked eye, and most readily detected 
by their melting upon the skin. 

2. Parhelia, Mock suns, in the vicinity of the real orb, are due to the same cause as 
halos, which appear in connection with them. Luminous circles, or segments, crossing 
one another, produce conspicuous masses of light by their united intensities, and the 
points of intersection appear studded with the solar image. This is a meteorological 
rarity in our latitude, but a very frequent spectacle in the arctic climes. In Iceland, 
during the severe winter of 1615, it is related that the sun, when seen, was always 
accompanied by two, four, five, and even nine of these illusions. Captain Parry describes 
a remarkably gorgeous appearance, during his winter sojourn at Melville Island, which 
continued from noon until six o’clock in the evening. It consisted of one complete halo, 
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45° ill diameter, with segments of several others, displaying in ]>!n ts tlie colours of the 
rainbow. Besides these, there was another p(?rfeet ring of a j)ale whil(i colour, which 
went right round the sky, i)arallel with the liorizon, and at a distance from it equal to the 
sun’s altitude ; and a horizontal band of white light app(‘ared passing through the sun. 
Where the band and the inner halo cut each otlnn*, there were two parludia, and another 
close to the horizon, directly under the sun, which formed the most brilliant part of the 
Bpcctacle, being exactly like the sun, slightly obscunal by a thin cloud at his rising 

or setting. A drawing of this par- 
helion is given by Captain Parry, 
. who remarks upon having always ob- 

““ served such phenomena attended with 

r ^ snow falling, or rather small 

spicule or fine crystals of ice. I'lie 
■ niiii Iw 11 ^ 1 %'^ angular forms of the crystals deter- 

S ^ _ ■■ sterintionj and' wci(M’f'f'i/r(l(‘J as jior' 

tentious. Matthew Paris relates in 
• ■ ■- his history : — “ A wonderful sight 

was -Sion in Kngland A. 1). 1233, 
April 8, in tlic fiftli year of the reign 

ParheHa. /. tt fir i i . l /• 

of Henry HI., and. lasted from aun* 
rise till noon. At the same time on the 8th of April, about one o cloc-k, in the borders 
of Herefordshire and Worcestershire, besides the true sun there aj)i)eared in the sky four 
mock suns of a red colour ; also a certain large circle of the colour of crystal, about two 
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feet broad, which encompassed all England as it were. There went out semicircles from 
the side of it, at whose intersection the four mock suns were situated, the true sun being 
in the east, and the air very clear. And because this monstrous prodigy cannot be de- 
scribed by words, I have represented it by a scheme, which shows immediately how the 
heavens were circled. The appearance was painted in this manner by many people, for 
the wonderful novelty of it.” 

3. Parastlenm, Mock moons, depending upon the causes which produce the solar 
image, or several examples of it, as frequently adorn the arctic sky. On the 1st of 
December 1819, in the evening, while Parry’s expedition was in Winter Harbour, four 
paraselensB were observed, each at the distance of 21^° from the true moon. One was 
close to the horizon, the other perpendicular above it, and the other two in a line parallel 
to the horizon. Their shape was like that of a comet, the tail being from the moon, the 
side of each towards the real orb being of a light orange colour. During the existence of 
these paraselenai, a halo appeared in a concentric circle round the moon, passing through 
each image. On the evening of March 30, 1820, about ten o’clock, tlie attention of Dr. 
Trail at Liverpool was directed by a friend to an unusual appearance in the sky, which 
proved to be a beautiful display of paraselenae. The moon was then 35° above the 
southern horizon. The atmosphere was nearly culm, but rather cloudy, and obscured by 
a slight haze. A wide lialo, faintly exhibiting tlie prismatic colours, was described round 
the moon as a centre, and had a small portion of its circumference cut off by the horizon. 
The circular band was intersected by two small segments of a larger circle, which if com- 
pleted would have passed through the moon, and parallel to the horizon. These segments 
were of a paler colour than the first mentioned circle. At the points of intersection 
appeared two pretty well defined luminous discs, equalling the moon in size, but less 
brilliant. The western paraselenjc had a tail or coma, which was directed from the moon, 
and the eastern also, but much less clearly defined. 

4. The Rainhow, The most glorious vision depending upon the decomposition, refrac- 
tion, and reflection of light, by the vapour of the atmosphere reduced to fluid drops, is the 
well-known arch projected during a shower of rain upon a cloud opposite to the sun, dis- 
playing all the tints of the solar spectrum. Tlie first marked approximation to the true 
tlieory of the rainbow occurs in a volume entitled Dc Radiis Visus ct Lucl% written by 
Antonius de Dominis, Archbishop of Spalatro, published in the year 1611 at Venice. 
Descartes pursued the subject, and correctly explained some of the phenomena ; but upon 
Newton's discovery of the different degrees of refrangibility in the different coloured 
rays which compose the sunbeam, a pencil of white or compounded light, the cause of 
the coloured bands in the rainbow, of the order of their position, and of the breadth they 
occupy, was at once apparent. The bow is common to all countries, and is the sign of 
the covenant of promise to all people, that there shall no more be such a wide-spread 
deluge as that which the sacred narrative records. 

“ lJut say, what mean those coloured streaks in heaven 
Distended, as the brow of God appeased ? 

Or serve they, as a flowery verge to bind 
TIjc fluid skirts of that same watery cloud, 

Lest it again dissolve, and shower the earth ? 

To whom the Archangel : Dexterously thou aim’st ; 

So willingly doth God remit his ire — 

Tliat he relents, not to blot out mankind ; 

And makes a covenant never to destroy 
The earth again by flood ; nor let the sea 
Surpass its bounds ; nor rain to drown the world, 

With man therein, or beast ; but when he brings 



OPTICAL PHENOMENA. 


533 


O’er the earth a cloudy will therein set 
His triple-coloured bow, whereon to look, 

And call to mind his covenant,” 

It is happily remarked by Mr. Prout, in his Bridgewater treatise, tliat no pledge could 
have been more felicitous or satisfactory ; for, in order that tlie rainbow may ai.pear, tlie 



Haliibow. 

clouds must be partial, and hence its existence is absolutely incompatible with universal 
deluge from above. So long, tbcrelbre, as ‘‘ lie doth set bis bow in tlie clouds,” so long 
Lave we full assurance that these clouds must continue to shower down good, and not evil, 
to the earth. 

When rain is falling, and the sun is on the horizon, the bow appears a complete semi- 
circle, if the rain-cloud is sufficiently extensive to display it. Its extent diminishes as the 
solar altitude increases, because the coloured arch is a portion of a circle whose centre is 
a point in the sky directly opposite to the sun. Above the height of 45“ the primary bow 
is invisible, and hence, in our climate, the rainbow is not seen in summer about the midillc 
of the day. In peculiar positions a comiilete circle may he beheld, as when the shower 
is on a mountain, and the spectator in a valley; or when viewed from the top of a lofty 
pinnacle, nearly the whole circumference may sometimes be embraced. Ulloa and liouguer 
describe circular rainbows, frequently seen on the mountains, which rise above the table- 
land of Quito. When rain is abundant, tliere is a secondary bow distinctly seen, produced 
by a double reflection. This is exterior to the primary one, and the intervening space 
has been observed to be occupied by an arch of coloured liglit. The secondary bow 
differs from the other, in exhibiting tlie same scries of colours in an inverted order. 
Thus the red is the uppermost colour in the interior bow, and the viohjt in the exterior. 
A ternary bow may exist, but it is so exceedingly faint from the repeated reflections, as 
to be scarcely ever perceptible. The same lovely spectacle may be seen when the solar 
splendour falls upon the spray of the cataract and the waves, the shower of an artificial 
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Lunur Rainbow. 



fountain^ and tbe dew upon the grass. There is hardly any other object of nature more 

pleasing to the eye, or soothing to 


the mind, than the rainbow, when 
distinctly developed — a familiar 
sight in all regions, but most corn- 
mon in mountainous districts, 
where the showers are most fre- 
quent. Poetry has celebrated its 
beauty, and to convey an adequate 
representation of its soft and va- 
riegated tints, is the highest 
achievement of the painter’s art. 
While the Hebrews called it the 
Bow of God, on account of its 
•association with a divine promise, 
and the Greeks the Daughter of 
Wonder, the rude inhabitants of 
the North gave expression to a 
fancy which its peculiar aspect 
might well create, styling it the 
Bridge of the Gods, a passage con- 
necting heaven and earth. 

The principles which account for 
the ibrmation of the rainbow explain the appearance of 
beautiful irridescent arches which have occasionally been ob- 
served during the prevalence of mist and sunshine. Mr. Cochin 
describes a spectacle of this kind, noticed from an eminence 
that overlooked some low meadow grounds, in a direction op- 
posite to that of the sun, which was shining very brightly, a 
thick mist resting upon the landscape in front. At about the 
distance of half a mile from each other, and incurvated, like 
tlie lower extremities of the common rainbow, two places of 
peculiar brightness were seen in the mist. They seemed to rest 
on the ground, were continued as high as the fog extended, the 
breadth being nearly half as much more as that of the rainbow. 
In the middle, between these two places, and on the same horizontal line, there was a 
coloured ai)i)earjince,, wliose base subtended an angle of about 12°, and whose interior 
parts were thus variegated. Tlie centre was dark, as if made by the shadow of some 
object resembling in size and shape an ordinary sheaf of corn. Next this centre there 
was n curved space of a yellow flame colour. To this succeeded another curved space 
of nearly the same dark cast as the centre, very evenly bounded on each side, and tinged 
with a faint blue green. The exterior exhibited a rainbow circlet, only its tints were 
less vivid, their boundaries were not so well defined, and the whole, instead of forming 
part of a perfect circle, aj)peared like the end of a concentric ellipsis, whose transverse 
axis was perpendicular to the horizon. The mist lay thick upon the surface of the mea- 
dows ; the observer was standing near its margin, and gradually the scene became fainter, 
and faded away, ns he entered into it. A similar fog-bow was seen by Captain Parry 
during his attempt to reach the North Pole by means of boats and sledges, with five 
arches formed within the main one, and all beautifully coloured. 

The iris lunaris, or lunar rainbow, is a much rarer object than the solar one. It 
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fi^uently consists of a uniformly white arch, but it has often been seen tinted, the colours 
differing only in intensity from those caused by the direct solar illuminations. Aristotle 
states that he was the first observer of this interesting spectacle, and that he only saw 
two in the course of fifty years ; but it must have been repeatedly witnessed, without 
a record having been made of the fact. Thoresby relates an account received from a 
friend, of an observation of the bow fixed by the moon in the clouds, while travelling in 
the Peak of Derbyshire. She had then passed the full about twenty-four hours. The 
evening had been rainy, but the clouds had dispersed, and the moon was shining very 
clearly. This lunar iris was more remarkable than that observed by Dr. Plot, of which 
there is an account in his History of Oxford, that being only of a white colour, but this 
had all the hues of the solar rainbow, beautiful and distinct, but fainter. Mr. Bucke 
remarks upon having had the good fortune to witness several, two of which were perhaps 
as fine as were ever witnessed in any country. The first formed an arch over the vale of 
Usk. The moon hung over the Blorenge ; a dark cloud was suspended over Myarth ; 
the river murmured over beds of stones, and a bow, illumined by the moon, stretched 
from one side of the vale to another. The second was seen from the castle overlooking 
the Bay of Carmarthen, forming a regular semicircle over the river Towy. It was in a 
moment of vicissitude ; and the fancy of the observer willingly reverted to the various 
soothing associations under which sacred authority unfolds the emblem and sign of a 
merciful covenant. 

5. Spectral Illusions, — A series of curious and interesting phenomena, involving the 
apparent elevation and approach of distant objects, the production of aerial images of ter- 
restrial forms, of double images, their inversion, and distortion into an endless variety of 
grotesque shapes, together with the decei)tive aspect given to the desert-landscape, are 
comprehended in the class of optical illusions. Different varieties of this singular visual 
effect constitute the mirage of tlie French, the fata morgana of the Italians, the looming 
of our seamen, and the glamour of the Highlanders. It is not peculiar to any particular 
country, though more common in some than others, and most frequently observed near 
the margin of lakes and rivers, by the sea-shore, in mountain districts and on level plains. 
These phantoms are perfectly explicable upon optical principles, and though influenced 
by local combinations, they are mainly referable to one common cause, the refractive and 
reflective properties of the atmos[)here, and inequalities of refraction arising from the 
intermixture of strata of air of different temperatures and densities. But such appearances 
in former times were readily converted by the imagination of the vulgar into supernatural 
realities ; and hence many of the goblin stories with which the world has been rife, not 
yet banished from the discipline to which childhood is subject,— 

“ As when a shepherd of the Ilcbrid Isles 
Placed far amid the melancholy main, 

(Whether it he lone fancy him beguiles. 

Or that aerial beings sometimes deign 
To stand, emlmdied, to our senses plain) 

Sees on the naked hill, or valley low, 

The wliilst in ocean Pheebus dips his wain, 

A vast assembly moving to and fro, 

Then all at once in air dissolves the wondrous show.” 

Pliny mentions the Scythian regions within Mount Imaus, and PompoHius Mela those 
of Mauritania, behind Mount Atlas, as peculiarly subject to these spectral appearances. 
Diodorus Siculus likewise refers to the regions of Africa, situated in the neighbourhood 
of Cyrenc, as another chosen site : — “Even,” says he, “ in the severest weather, there are 
sometimes seen in the air certain condensed exhalations that represent the figures of all 
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kinds of animals ; occasionally they seem to be motionless, and in perfect quietude ; and 
occasionally to be flying ; while immediately afterwards they themselves appear to be the 
pursuers, and to make other objects fly before them.” Milton might have had this passage 
in his eye when he penned the allusion to the same apparitions : — 

** As when, to warn proud cities, war appears 
Waged in the troubled sky, and armies rush 
To battle in the clouds ; before each van 
Prick forth the airy knights, and couch their spears, 

Till thickest legions close ; with feats of arms 
From either side of heaven the welkin rings.” 



Tlie Miruge of the Desert. 


The mirage, adverted to in noticing the sandy deserts of the globe, is the most familiar 
form of optical illusion. M. Monge, one of the French savans, who accompanied Buona- 
parte in his expedition to Egypt, witnessed a remarkable example. In the desert between 
Alexandria and Cairo, in all directions green islands appeared, surrounded by extensive 
lakes of pure, transparent water. Nothing could be conceived more lovely or picturesque 
than the landscape. In the tranquil surface of the lakes the trees and houses with which 
the islands were covered were strongly reflected with vivid and varied hues, and the party 
hastened forward to enjoy the refreshments apparently proffered them. But when they 
arrived, the lake on whose bosom they floated, the trees among whose foliage they arose, 
and the people who stood on the shore inviting their approach, had all vanished ; and 
nothing remained but the uniform and irksome desert of sand and sky, with a few naked 
huts and ragged Arabs. But for being undeceived by an actual progress to the spot, one 
and all would have remained firm in the conviction that these visionary trees and lakes 
had a real existence in the desert. M. Monge attributed the liquid expanse, tantalising 
the eye with an unfaithful representation of what was earnestly desired, to an inverted 
image of the cerulean sky, intermixed with the ground scenery. This kind of mirage is 
known in Persia and Arabia by the name of Serab or miraculous water, and in the western 
deserts of India by that of Tchittram^ a picture. It occurs as a common emblem of dis- 
appointment in the poetry of the orientals. 

In the Philosophical Transactions for the year 1798, an account is given by W. 
Latham, Esq., F.R. S., of an instance of lateral refraction observed by him, by which the 




OPTICAL PHENOMENA. 


537 

coast of Picardy, with its more prominent objects, was brought apparently close to that of 
Hastings. On July the 26th, about five in the afternoon, while sitting in his dining- 
room, near the sea-shore, attention was excited by a crowd of people running down to 
the beach. Upon inquiring the reason, it appeared that the coast of France was plainly 
to be distinguished with the naked eye. Upon proceeding to the shore, he found, that 
without the assistance of a telescope, he could distinctly see the clifis across the Channel, 
which, at the nearest points, are from forty to fifty miles distant, and are not to be dis- 
covered, from that low situation, by the aid of the best glasses. They appeared to be 
only a few miles off, and seemed to extend for some leagues along the coast. At first 
the sailors and fishermen could not be persuaded of the reality of the appearance, but 
they soon became thoroughly convinced, by the cliffs gradually appearing more elevated, 
and seeming to approach nearer, that they were able to point out the different places 
they had been accustomed to visit, such as the Bay, the Old Head, and the Windmill at 
Boulogne, St. Vallery, and several other spots. Their remark was, that these places 
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appeared as near as if they were sailing at a small distance into the harbour. The 
apparition of the opposite cliffs varied in distinctness and apparent contiguity for nearly 
an hour, but it was never out of sight, and upon leaving the beach for a hill of some con- 
siderable height, Mr. Latham could at once sec Dungeness and Dover cliffs on each side, and 
before him the French coast from Calais to near Dieppe. By the telescope the French 
fishing boats were clearly seen at anchor, and the different colours ol* the land on the heights, 
with the buildings, were perfectly discernible. The spectacle continued in the highest 
splendour until past eight o’clock, though a black cloud obscured the face of the sun for 
some time, when it gradually faded away. This M^as the first time within the memory of 
the oldest inhabitants, that they had ever caught sight of the opposite shore. The day had 
been extremely hot, and not a breath of wind had stirred since the morning, when the small 
pennons at the mast-heads of the fishing boats in the harbour had been at all points of the 
compass. Professor Vince witnessed a similar apparent approximation of the coast of France 
to that of Ramsgate, for at the very edge of the water he discerned the Calais cliffs a very 
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considerable height above the horizon, whereas they are frequently not to be seen in clear 
weather from the high lands above the town. A much greater breadth of coast also 
appeared than is usually observed under the most favourable circumstances. The 
ordinary refractive power of the atmosphere is thus liable to be strikingly altered by a 
change of temperature and humidity, so that a hill which at one time appears low, may at 
another be seen towering aloft ; and a city in a neighbouring valley, may from a certain 
station be entirely invisible, or it may show the tops of its buildings, just as if its founda- 
tions had been raised, according to the condition of the aerial medium between it and 
the spectator. 



Fata Morgana at Rnggio. 


Of all instances of spectral illusion, the fata morgana, familiar to the inhabitants of 
Sicily, is the most curious and striking. It occurs off the Pharo of Messina, in the strait 
which separates Sicily from Calabria, and has been variously described by different 
observers, owing, doubtless, to the different conditions of the atmosphere at the respective 
times of observation. The spectacle consists in the images of men, cattle, houses, rocks, 
and trees, pictured upon the surface of the w^ater, and in the air immediately over the 
water, as if called into existence by an enchanter’s wand, the same object having fre- 
quently two images, one in the natural and the other in an inverted position. A com- 
bination of circumstances must concur to produce this novel panorama. The spectator, 
standing with his back to the east on an elevated place, commands a view of the strait. 
No wind must be abroad to ruflle the surface of the sea ; and the waters must be pressed 
up by currents, which is occasionally the case, to a considerable height, in the middle of 
the strait, so that they may present a slight convex surface. When these conditions are 
fulfilled, and the sun has risen over the Calabrian heights so as to make an angle of 45® 
with the horizon, the various objects on the shore at Reggio, opposite to Messina, are 
transferred to the middle of the strait, forming an immovable landscape of rocks, trees, 
and houses, and a movable one of men, horses, and eattle, upon the surface of the water. 
If the atmosphere, at the same time, is highly charged with vapour, the phenomena 
apparent on the water will also be visible in the air, occupying a space which extends 
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from the surface to the height of about twenty-five feet. Two kinds of morgana may 
therefore be discriminated : the first, at the surface of the sea, or the marine morgana ; 
the second, in the air, or the aerial. The term applied to this strange exhibition is of 
uncertain derivation, but supposed by some to refer to the vulgar presumption of the 
spectacle being produced by a fairy or magician. The populace arc said to hail the 
vision with great exultation, calling every one abroad to partake of the sight, with the 
cry of “ Morgana, morgana!” 

Father Angelucci, an eye-witness, describes the scene in the following terms: — “On 
the 15th of August, 1643, as I stood at my window, I was surprised with a most 
wonderful, delectable vision. The sea that washes the Sicilian shore swelled up, and 
became, for ten miles in length, like a chain of dark mountains ; while the waters near 
our Calabrian coast grew quite smooth, and in an instant appeared as one clear polished 
mirror, reclining against the aforesaid ridge. On this glass was depicted, in chiaro 
scurOy a string of several thousands of pilasters, all equal in altitude, distance, and degree 
of light and shade. In a moment they lost half their height, and bent into arcades, like 
Roman aqueducts. A long cornice was next formed on the top, and above it rose castles 
innumerable, all perfectly alike. These soon split into towers, which were shortly after 
lost in colonnades, then windows, and at last ended in pines, cypresses, and other trees, 
even and similar. This was the Fata Morgana, which, for twenty-six years, I had 
thought a mere fable.” 

Brydone, writing from Messina, evidently in a dubious vein, states : — “Do you know, 
the most extraordinary phenomenon in the world is often observt;d near to this place ? I 
laughed at it at first, as you will do, but I am now convinced of its reality, and am per- 
suaded, too, that if ever it had been thoroughly examined by a philosophical eye, the 
natural cause must long ago have been assigned. It has often been remarked, both by 
the ancients and moderns, that in the heat of summer, after the sea and air have been 
much agitated by winds, and a perfect calm succeeds, there appears, about the time of 
dawn, in that part of the heavens over the straits, a great variety of singular forms, some 
at rest, and some moving about with great velocity. These forms, in proportion as the 
light increases, seem to become more aerial, till at last some time before sunrise they 
entirely disapi)ear. The Sicilians represent this as the most beautiful sight in nature. 
Leanti, one of their latest and best writers, came here on purpose to see it. He says the 
heavens appeared crowded with a variety of objects : he mentions palaces, woods, gardens, 
&c., besides the figures of men and other animals, that appear in motion amongst them. 
No doubt the imagination must be greatly aiding in forming this aerial creation ; but as so 
many of their authors, both ancient and modern, agree in the fact, and give an account of 
it from their own observation, there certainly must be some foundation for the story. 
There is one Giardini, a Jesuit, who has lately written a treatise upon this phenomenon, 
but I have not been able to find it. The celebrated Messinese Gallo has likewise published 
something on this singular subject. The common people, according to custom, give the 
whole merit to the devil ; and indeed it is by much the shortest and easiest way of 
accounting for it. Those who pretend to be philosophers, and refuse him this honour, are 
greatly puzzled what to make of it. They think it may be owing to some uncommon 
refraction or reflection of the rays, from the water of the straits, which, as it is at that 
time carried about in a variety of eddies and vortices, must consequently, say they, make 
a variety of appearances on any medium where it is reflected. This, I think, is nonsense, 
or at least very near it. I suspect it is something of the nature of our aurora borealis, 
and, like many of the great phenomena of nature, depends upon electrical causes ; which, 
in future ages, I have little doubt, will be found to be as powerful an agent in regulating 
the universe as gravity is in this age, or as the subtle fluid was in the last. The electrical 
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fluid in this country of volcanoes, is probably produced in a much greater quantity than 
in any other. The air, strongly impregnated with this matter, and confined betwixt two 
ridges of mountains— -at the same time exceedingly agitated from below by the violence 
of the current, and the impetuous whirling of the waters— may it not be supposed to 
prodtm a variety of appearances ? And may not the lively Sicilian imaginations, ani- 
maied by a bdiief in demons, and all the wild offspring of superstition, give these appear- 
ances as great a variety of forms ? Remember, I do not say it is so; and hope yet to 
have it in my power to give you a better account of this matter.” 

Ingenious as Brydone was, he here indulges a most unfortunate speculation, which, had 
he enjoyed the good fortune of personally observing the phenomenon, most likely, he 
would not have proposed. It is to be accounted for upon optical principles, which 
M. Biot, in his Astronomie Physique^ thus applies, from Minasi’s dissertation upon the 

subject : “ When the rising sun shines from that point whence its incident ray forms an 

angle of forty-five degrees, on the sea of Reggio, and the bright surface of the water in 
the bay is not disturbed either by wind or current — when the tide is at its height, and 
the waters are pressed up by the currents to a great elevation in the middle of the 
channel ; the spectator being placed on an eminence, with his back to the sun and his 
face to the sea, the mountains of Messina rising like a wall behind it, and forming the 
background of the picture — on a sudden there appear in the water, as in a catoptric 
theatre, various multiplied objects — numberless series of pilasters, arches, castles, well- 
delineated regular columns, lofty towers, superb palaces, with balconies and windows, 
extended alleys of trees, delightful plains, with herds and flocks, armies of men on foot, 
on horseback, and many other things, in their natural colours and proper actions, passing 
rapidly in succession along the surface of the sea, during the whole of the short period of 
time while the above-mentioned causes remain. The objects are proved, by accurate 
observations of the coast of Reggio, to be derived from objects on shore. If, in addition 
to the circumstances already described, the atmosphere be highly impregnated with 
vapour and dense exhalations, not previously dispersed by the action of the wind and 
waves, or rarefied by the sun, it then happens that, in this vapour, as in a curtain 
extended along the cliannel to the height of above forty palms, and nearly down to the 
sea, the observer will behold the scene of the same objects not only reflected on the surface 
of the sea, but likewise in the air, tliough not so distinctly or well defined. Lastly, if 
the air be slightly hazy and opaque, and at the same time dewy, and adapted to form the 
iris, then the above-mentioned objects will appear only at the surface of the sea, as in the 
first case, but all vividly coloured or fringed with red, green, blue, or other prismatic 
colours.” 

Aerial images of terrestrial objects arc frequently produced as the simple effect of 
reflection. Dr. Buchan jnentions the following occurrence : — “ Walking on the cliff 
about a mile to the east of Brighton, on the morning of the 18th of November 1804, while 
watching the rising of the sun, I turned my eyes directly to the sea, just as the solar disc 
emerged from the surface of the water, and saw the face of the cliff on which I was 
standing represented precisely opposite to me, at some distance from the ocean. Calling 
the attention of my companion to this appearance, we soon also discovered our own figures 
standing on the summit of the opposite apparent cliff, as well as the representation of a 
windmill near at hand. The reflected images were most distinct precisely opposite to 
where we stood ; and the false cliff seemed to fade away, and to draw near to the real 
one, in proportion as it receded towards the west. This phenomenon lasted about ten 
minutes, till the sun had risen nearly his own diameter above the sea. The whole then 
seemed to be elevated into the air, and successively disappeared. The surface of the sea 
was covered with a dense fog of many yards in height, and which gradually receded 




SiM'cirt! of thu Uruckcn. 


before the rays of the sun.” In December 1826 a similar circumstance excited some con- 
sternation among the parishioners of iMique, in the neighbourhood of Poitiers, in France. 
They were engaged in the exercises of the jubilee which preceded the festival of Christ- 
mas, and about three thousand persons from the surrounding parishes were assembled. 
At five o’clock in the evening, when one of the clergy was addressing the multitude, and 
reminding them of the cross which appeared in the sky to Constantine and his army, 
suddenly a similar cross appeared in the heavens, just before the porch of the church, 
about two hundre<l feet above the horizon, and a hundred and forty feet in length, of a 
bright silver colour tinged with rod, and perfectly well defined. Such was the etfect of 
this vision, that the peoi)le immediately threw themselves upon their knees, and united 
together in one of their canticles. The fact was, that a large wooden cross, twenty-live 
feet high, had been erected beside the church as a part of the ceremony, the figure of 
which was formed in the air, and reflected back to the eyes of the spectators, retaining 
exactly the same shape and proportions, but changed in position and dilated in size. Its 
red tinge was also the colour of the object of which it was the reflected image. When the 
rays of the sun were withdrawn, the figure vanished. 

The peasantry in the neighbourhood of the Harz Mountains formerly stood in no little 
awe of the gigantic spectre of the Brocken — the figure of a man observed to walk the 
clouds over the ridge at sunrise. This apparition has long been resolved into nn exagge- 
rated reflection, which makes the traveller’s shadow, pictured upon the clouds, apj)ear a 
colossal figure of immense dimensions. A French savant, attended by a friend, went to 
watch this spectral shape, but for many mornings they traversed an oi)positc ridge in 
vain. At length, however, it was discovered, having also a companion, and both figures 
were found imitating all the motions of the philosopher and his friend. The ancient 
classical fable of Niobe on Mount Sipylus belongs to the same category of atmospheric 
deceptions; and the tales, common in mountainous countries, of troops of horse and 
armies marching and countermarching in the air, have been only the reflection of horses 
pasturing upon an opposite height, or of the forms of travellers pursuing their journey. 
On the 19th of August 1820, Mr. Menzies, a surgeon of Glasgow, and Mr. Maegregor 
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began to ascend the mountain of Ben Lomond, about five o’clock in the afternoon. They 
had not proceeded far before they were overtaken by a smart shower ; but as it appeared 
only to be partial, they continued their journey, and by the time they were half way up, 
the cloud passed away, and most delightful weather succeeded. Thin, transparent 
vapours, which appeared to have risen from Loch Lomond beneath, were occasionally 
seen floating before a gentle and refreshing breeze ; in other respects, as far as the eye 
could trace, the sky was clear, and the atmosphere serene. They reached the summit 
about half-past seven o’clock, in time to see the sun sinking beneath the western hills. Its 
parting beams had gilded the mountain tops with a warm glowing colour ; and the surface 
of the lake, gently rippling with the breeze, was tinged with a yellow lustre. While 
admiring the adjacent mountains, hills, and valleys, and the expanse of water beneath, 
interspersed with numerous wooded islands, the attention of one of the party was attracted 
by a cloud in the east, partly of a dark red colour, apparently at the distance of two miles 
and a half, in which he distinctly observed two gigantic figures, standing, as it were, on a 
majestic pedestaL He immediately pointed out the phenomenon to his companion ; and 
they distinctly perceived one of the gigantic figures, in imitation, strike the other on the 
shoulder, mid point towards them. They then made their obeisance to the airy phan- 
toms, which was instantly returned. They waved their hats and umbrellas, and the 
shadowy figures did the same. Like other travellers, they had carried with them a bottle 
of usquebaugh, and amused themselves in drinking to the figures, which was of course 
duly returned In short, every movement which they made, they could observe distinctly 
repeated by the figures in the cloud. The appearanee continued about a quarter of an 
hour. A gentle breeze from the north carried the cloud slowly away ; the figures became 
less and less distinct, and at last vanished. North of the village of Comrie, in Perthshire, 
there is a bold hill called Dunmore, with a pillar of seventy or eighty feet in height built 
on its summit in memory of the late Lord Melville. At about eight o’clock of the even- 
ing of the 21 St of August of the present year, a perfect image of this well-known hill and 
obelisk, as exact as the shadow usually represents the substance, was distinctly observed 
projected on the northern sky, at least two miles beyond the original, which, owing to an 
intervening eminence, was not itself at all in view from the station where the aerial 
picture was observed. The figure continued visible for about ten minutes after it was 
first seen, and was minutely examined by three individuals. One of these fancied that 
there was a projection at the base of the monument, as represented in the air, which was 
not in the original ; but, upon examining the latter the next morning, the image was 
found to have been more faithful than his memory j for there stood the prototype of the 
projection, in the shape of a clump of trees, at the base of the real obelisk. 

In northern latitudes the effects of atmospheric refiection and refraction are very fami- 
liar to the natives. By the term of uphillanger the Icelanders denote the elevation of 
distant objects, which is regarded as a presage of fine weather. Not only is there an 
increase in the vertical dimensions of the objects affected, so that low coasts frequently 
assume a bold and precipitous outline, but objects sunk below the horizon are brought 
into view, with their natural position changed and distorted. In 1818, Captain Scoresby 
relates that, when in the polar sea, his ship had been separated for some time from that 
of his father, which he had been looking out for with great anxiety. At length, one 
evening, to his astonishment, he beheld the vessel suspended in the air in an inverted 
position, with the most distinct and perfect representation. Sailing in the direction of 
this visionary appearance, he met with the real ship by this indication. It was found that 
the vessel had been thirty miles distant, and seventeen beyond the horizon, wlien her 
spectrum was thus elevated into the air by this extraordinary refraction. Sometimes two 
images of a vessel are seen, the one erect and the other inverted, with their topmasts or 
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- - - their hulls meeting, according as 

V the inverted image is above or be- 

- low the other. Dr. Wollaston has 

V'- _ shown that the production of these 

images is owing to the refraction 
v._-- of the rays through media of dif- 

. ferent densities. Looking along 

^^ 5 Sw ■-' Soret in the year 1818. A bark 

> near Bellerive was seen approach- 

I ' ^ <1 ^ ing to the city by the left bank 

^ - of the lake ; and at the same time 

,1 ^ jm. % an image of the sails was observed 

- I .1' i. \. above the water, which, instead 

|f|l|| bank — tlie image moving from 

-- ‘MWhy, II “' t*-"'*** ^5*^st to west, and the bark from 

WV ' IM • ■ ' ’ *^orth to south. When the image 

separated from the vessel, it was 
I-' « of the same dimensions as the 

bark ; but it diminished as it re- 
ceded Irom it, so as to be reduced to one-half when the njipcarance ceased. This was a 
striking example of refraction, operating in a lateral as well as a vertical direction. 

6. J(/nzs fatuus. Tliis wandering meteor, known to the vulgar as the Will-o’- the- Wisp, 
has given rise to considerable speculation and controversy. Burying grounds, fields of 
battle, low meadows, valleys, and marshes, are its ordinary haunts. By some eminent 
naturalists, particularly Willoughby and llay, it has been maintained to be only the 
shining of a great number of the male glow-worms in England, and the pyraustoe in Italy, 
flying together — an opinion to which Mr. Kirby, the entomologist, inclines. The lumi- 
nosities observed in several cases may have Ihmjti due to this cause, but the true meteor of 
the marshes cannot thus be explained. We have but a few authentic notices of its 
appearance in this country of a recent date, probably owing to an extended system of 
drainage, and the careful cultivation of the soil. The following instance is abridged from 
the Entomological Magazine : — “ Two travellers proceeding across the moors between 
Hexham and Alston, were startled, about ten o’clock at night, by the sudden appearance 
of a light, close to the road side, about the size of the hand, and of a well-defined oval 
form. The place was very wet, and tlie peat-rnoss had been dug out, leaving what are 
locally termed ‘peat-pots,’ which soon fill with water, nourishing a number of confervae, 
and the various species of sphagnum, which are converted into peat. During the process 
of decomposition, these places give out large quantities of gas. The light was about 
three feet from the ground, hovering over the peat-pots, and it moved nearly parallel 


ncfraetlon In the PoKir Sea 



544 


PlIYSICAL GEOGRAPHY. 


with the road for about fifty yards, when it vanished, probably from the failure of the 
gas. The manner in which it disappeared was similar to that of a candle being blown 
out. The ignis fatuus has not become so strange in various continental districts as with 
us. We have the best account of it from Mr. Blesson, who examined it abroad with 
great care and diligence. 

** The first time,’* he states, “ I saw the ignis fatuus, was in a valley, in the forest of 
Gorbitz, in the New Mark. This valley cuts deeply in compact loam, and is marshy on 
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its lower part. The water of the marsh is ferruginous, and covered with an iridescent 
crust. During the day, bubbles of air were seen rising from it, and in the night blue 
flames were observed shooting from and playing over its surface. As I suspected that 
there was some connection between these flames and the bubbles of air, I marked during | 
the day-time the place where the latter rose up most abundantly, and repaired thither 
during the night ; to my great joy I actually observed bluish-purple flames, and did not 
hesitate to approach them. On reaching the spot they retired, and I pursued them in 
vain ; all attempts to examine them closely were ineffectual. Some days of very rainy 
weather prevented farther investigation, but aflbrded leisure for reflecting on their nature. 

I conjectured that the motion of the air, on my approaching the spot, forced forward the 
burning gas, and remarked that the flame burned darker when it was blown aside ; hence 
I concluded that a continuous thin stream of inflammable air was formed by these bubbles, 
which, once inflamed, continued to burn, but which, owing to the paleness of the light of 
the flame, could not be observed during the day. On another day, in the twilight, 1 went 
again to the place, where I awaited the approach of night ; the flames became gradually 
visible, but redder than formerly, thus showing that they burnt also during the day : I 
approached nearer, and they retired. Convinced that they would return again to the place 
of their origin when the agitation of the air ceased, I remained stationary and motionlessj 
and observed them again gradually approach. As I could easily reach them, it occurred 
to me to attempt to liglit paper by means of tliom ; but for sjome time I did not succeed in 
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this experiment, which I found was owing to my breathing. I therefore held my face 
from the flame, and also held a piece of cloth as a screen ; on doing which I was able to 
singe paper, which became brown-coloured, and covered with a viscous moisture. I next 
used a narrow slip of paper, and enjoyed the pleasure of seeing it take fire. The gas 
was evidently inflammable, and not a phosphorescent luminous one, as some have main- 
tained. But how do these lights originate ? After some reflection, I Resolved to make 
the experiment of extinguishing them. I followed the flame ; I brought it so far from 
the marsh that probably the thread of connection, if I may so express myself, was broken, 
and it was extinguished. But scarcely a few minutes had elapsed when it was again 
renewed at its source (over the air-bubbles), without my being able to observe any transi- 
tion from the neighbouring flames, many of which were burning in the valley, I repeated 
the experiment frequently, and always with success. The dawn approached, and the 
flames, which to me appeared to approach nearer to the earth, gradually disappeared. 
On the following evening 1 went to the spot and kindled a fire on the side of the valley, 
in order to have an opportunity of trying to inflame the gas. As on the evening before, 
I first extinguished the fiame, and then hastened with a torch to the spot from which the 
gas bubbled up, when instantaneously a kind of explosion was heard, and a red light was 
seen over eight or nine square feet of the marsh, which diminished to a small blue flame, 
from two and a half to three feet in height, that continued to burn with an unsteady 
motion. It was therefore no longer doubtful that this ignis fatuus was caused by the 
evolution of inflammable gas from the marsh.” 

The ignis fatuus of the churchyard and the battle-field we may conclude to arise from 
the phosphuretted hydrogen emitted by animal matter in a state of putrefaction, which 
always spontaneously inflames upon contact with the oxygen of the atmosphere ; and the 
flickering meteor of the marsh may be referred to the carburetted hydrogen, formed by 
the decomposition of vegetable matter in stagnant water, ignited by a discharge of the 
electric fluid, or by contact with some substance in a state of combustion. This wandering 
light has often been a source of terror to the ignorant, and has frequently seduced the 
benighted traveller into dangerous bogs and quagmires, under the impression that it 
proceeded from some human habitation. 

“ Drear is the state of the beniglited wretch, 

Who then, bewilder’d, wanders through the dark, 

Full of pale fancies, and chimeras huge ; 

Nor visited by one directive ray, 

From cottage streaming, or from airy hall. 

Perhaps impatient as he stumbles on, 

Struck from the root of slimy rushes, blue, 

'I’he wild’Jire scatters round, or gather’d trails, 

A length of flame deceitful o’er the moss : 

Whither decoy’d by the fantastic blaze. 

Now lost and now renew’d, he sinks absorb’d. 

Rider and horse, amid the miry gulf : 

While still, from day to day, his pining wife 
And plaintive children his return await. 

In wild conjecture lost.” 

The production of inflammable gases is one of the processes in constant action in the 
great laboratory of nature, and extraordinary disengagements of combustible elements 
occur, though we are quite ignorant of the cause. In the middle of the last century 
the snow on the summit of the Apennines appeared enveloped in sheets of flame ; and 
in the winter of 1693 hay-ricks in Wales were set on fire by burning gaseous exhala- 
tions. 
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CHAPTER XVII. 

GKOdlJAPinCAL DISTRIBUTION OF PLANTS 

AviNQ reviewed the arrangements and pheno- 
mena of inanimate nature, we proceed to con- 
sider the globe as the habitation of innumerable 
organised beings, beginning with the first de- 
partment of the scale of living existence, the 
diversified vegetable forms which clothe the 
surface of the earth, adorn its scenery, and con- 
tribute to the sustenance of its animal and 
human races. The productions of the vegetable 
kingdom are among the most useful and in- 
' teresting objects we contemplate. They are 
associated with the earliest and some of the 
• purest pleasures of mankind ; for every one will 
*: vividly recollect the delight experienced in his 
childhood by the appearance of the harbingers 
of the vernal season — the flowers of the snow- 
drop, crocus, primrose, and violet, peeping up 
above the greensward, or from the hedgerows, proclaiming, in an obvious and impressive 
manner, “ Lo, the winter is past, the rain is over and gone, the flowers appear upon 
the earth, the time of the singing of birds is come.” The cultivated flora of the 
garden, and the wild flora of the field, are among our first and best instructors, conveying, 
by their external configuration, lessons of purity and of grace to the mind in the age of 
its awakening susceptibilities. This is a moral and intellectual discipline, silent and 
unostentatious in its process, but of great importance in its effect as a source of valuable 
directive influence to the thoughts and feelings. But to man, in mature life, the larger 
plants and timber trees are essential. His existence and civilisation depend upon them. 
They furnish, with unbounded prodigality, the food which satiates his hunger and 
gratifies his taste; supply many of the medicines that allay his sickness; aflbrd him 
materials for an habitation ; yield the means of transporting himself and his property 
across the land, and of accomplishing the passage of the ocean ; besides being the chief 
ornament of his walks during the period of their growth. 

It belongs to Botany, Physiology, and Agricultural Chemistry, to investigate the 
structure of plants ; to unfold the riches of the vegetable kingdom with its different 
organisations, and the menus by which their development and fructification are secured. 
The department of the physical geographer is simply to notice the general disposition 
of the vegetable tribes, and the circumstances which seem to regulate their distribution. 

We have no more striking evidence of contrivance than in the wide dispersion of vege- 
table life, and in the difl^erent conditions under which it exists, at the extremes of terrestrial 
elevation and depression, of cold and heat, of light and ehade, of solidity and solution. 
Forests of beech wave in the Himalaya at a greater height than that reached by the Fin- 
sterhorn of the Alps, or more than fourteen thousand feet ; and there also shrubs flourish 
upon sites which are above the altitude of the hoary-headed Mont Blanc, the monarch of 



GEOGRAPUICAL PISTrilBUTION OF PLANTS. 547 

the European mountains. On the other liand, the bottom of the sea is clothed with an 



endless variety of green, red, and purple algae ; and, in the dark caverns of the ocean, 
the vine-leaved fucus produces its enormous fronds, with a hue as green as that of grass. 
Melville Island, with its long dreary night, and nine or ten months of rigid winter, has 
in various places an abundance of moss, lichen, grass, saxifrage, the dwarf-willow, poppy, 
and sorrel; and Captain Parry found a ranunculus in full flower, in a sheltered spot, 
during the second week of June. In a diametrically opposite condition, some plants of 
the conferva? tribe thrive, living in hot springs, wdiere the temperature is that of boiling 
water ; and, at the commencement of the seventeenth century, a shrubbery flourished in 
the crater of the Vesuvian furnace. The rich black loam of the plains sustains luxu- 
riantly an appropriate vegetation ; while creeping plants derive sustenance from the 
hardest rocks, and alternate beautifully with the naked projections of mountain masses. 
Within the troj)ics magnificent trees grow up under the direct action of the solar beams ; 
and in dens and caves of the earth, which have never been visited with the light of day, 
vegetable life defies the perpetual darkness. In the great cavern of the Guacharo, to the 
south-east of Cumana, Humboldt beheld with astonishment the progress of subterranean 
vegetation, after having passed a considerable distance beyond the point to which the 
daylight penetrates. The seeds which the birds carry into the cave to feed their young, 
spring up wherever they fix in the mould that covers the calcareous incrustations ; and 
blanched stalks were noticed, which had risen to the height of two feet, with some half- 
formed leaves. During the visit of the traveller, these traces of organisation amid dark- 
ness forcibly excited the curiosity of the native Indians, who examined them with the aid 
of their torches in silent meditation and fear, as if the subterraneous vegetables, pale and 
disfigured, had been phantoms banished from the face of the earth. To Humboldt, the 
scene recalled one of the happiest periods of his earliest youth — a long abode in the 
mines of Freiburg, where he had found plants growing in the complete darkness, green 
as well as blanched. The entire failure of moisture seems to be the only insurmountable 
obstacle to the growth of plants ; for the sandy desert will “ rejoice and blossom as the 
rose” wherever a very scanty supply of humidity gains access to it. De Candolle makes 
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an interesting statement respecting the plant vulgarly known by the name of the rose of 
Jericho, Ana%latica Hierochuntina^ growing in the arid wastes of Arabia and Palestine. 
By the time it dies, owing to the great drought, its tissue has become almost woody ; its 
branches fold over each other till the whole mass assumes the form of a ball ; its seed- 
vessels have their valves tightly shut ; and the plant remains adhering to the ground by 
a solitary branchless root. The wind, which always acts powerfully along the surface of 
a sandy plain, uproots this dry ball, and rolls it along. If it chance to meet with a splash 
of water during its constrained but necessary journey, it speedily imbibes the moisture, 
which causes the branches to unfold, and the pericarps to burst ; and the seeds which 
could not have germinated if they had fallen on the dry ground, now sow themselves 
naturally in a moist soil, where they are able to grow, and where the young plant may 
support itself. 

The number of known species of plants on the surface of the earth, mentioned by bota- 
nists from the time of Theophrastus to the present day, is thus given, in a memoir on 
geographical botany by Mr. Hinds, who accompanied the late expedition of the Sulphur 
round the world, under the command of Sir Edward Belcher : — 

& c. 300. Theophrastus . - - 500 a. d. 1 762. Liniueiis - - - 8800 

A. n. 70. Pliny .... lOOO 1806. Persoon - - - 27,000 

1683. Bauhin ... - 6000 1820. De Candolle - - - 56,000 

Bindley, in 1835, gave the number at 86,000; but, according to Mr. Hinds, at the pre- 
sent time there are 89,000 species of plants described; and computing for countries 
scarcely examined, or as yet wholly unexplored, he supposes the total aggregate of species 
which vegetate on the earth to amount to about 133,000. This is an estimate which only 
goes a little beyond a similar calculation of De Candolle ; and when we reflect that the 
interior of Africa, of Australia, and of the great islands of Oceanica, have not been visited 
by the geographer and the naturalist, the estimate will not be deemed extravagant. It 
illustrates the variety which marks the vegetable kingdom, and the work which still 
remains to be accomplislied in the department of botanical discovery and description. 
Plants divided according to their station, or the physical nature of the locality to which 
they are adapted, are ranged by De Candolle in fifteen classes, to which two others have 
been added by M. Bory de Saint Vincent. 

1. Maritime or saline plants. These are terrestrial plants which grow on the borders 
of the sea, or of salt lakes ; as salicornia, or saltwort, salsola, or glasswort, which abound 
on the shores of the Mediterranean, and are there generally burnt for soda, used in the 
manufacture of glass, especially at Marseilles. 

2. Marine plants, as the fuci and many of the algce, which are plentiful in the seas 
that wash the coasts of Great Britain, and are often attached to stones and rocks near 
the shore. They are either buried in the ocean, or, situated above low-water mark, are 
alternately immersed and exposed to the action of the atmosphere ; but none of them can 
be made to vegetate apart from its waters, 

3. Aquatic plants, growing in fresh water ; as sagittaria, or arrowhead, potamogetoriy 
or pond-weed, ngmphaay or white water-lily. They occupy the beds of rivers, and vege- 
tate in the midst of the running stream or in stagnant pools, being for the most part 
wholly immersed. The holy Kvapocy or Pythagorean bean of antiquity, belonged to this 
genus, and is probably identical with the produce of the Nelumbium, a stately aquatic, 
common in various parts of the east, especially in China, where the ponds are literally 
mantled with its leaves and flowers. 

4. Marsh or swamp plants, living in ground which is generally submerged, but occa- 
sionally dry ; as ranunculus aquatilis and sceleratuSy or water and celery-leaved crowfoot, 
polygonum amphihiumy or amphibious persicaria. 
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5. Meadow and pasture plants, as a great number of grasses and trefoils. 

6. Plants found in cultivated fields. In this division many plants are included which 
have been introduced by man along with grain ; as centaurea cyanusy corn blue-bottle, 
sinapis arvensis, or common wild mustard, agrostemma^ corn-cockle, several species of 
veronica^ or speedwell, and euphorbia^ or spurge. 

7. Rock or wall plants; as saxifrages, wall-flower, some species of sisymbrium^ or 
hedge-mustard, bromiis, or brome-grass, linaria cymbalaria^ or ivy-leaved toadflax. 

8. Sand plants, as carex arenaria, or sea-carex, calamagrostis arenaria^ or small sand- 
reed, and plantago arenaria^ or sand plantain. By the cultivation of these plants, large 
districts have been reclaimed from utter barrenness, and clothed with stately forests ; and 
countries subject to a periodical invasion of sand, blown over them by the prevalence of 
certain winds, have been rescued from that calamity — one of the most useful agricultural 
enterprises of modem times. The plan was first adopted by an engineer of the name of 
Bremontier, on the coast of Gascony. He sowed, in the driest and most shifting sand, 
the seeds of the broom, genista scoparia^ mixed with those of the sea-pine, pinus mari^ 
tima, and then covered over the spaces that were sown with branches from the nearest 
pine forests, by which means the sand was to a certain extent prevented from shifting. 
The broom, which springs up first, serves the double purpose of further restraining the 
sand, and of nursing the young pines ; and the foliage of the latter, after a growth of 
seven or eight years under shelter of the broom, becoming annually mingled with the 
sand, tends to fertilise it. After this period the pine overtops the broom, and frequently 
entirely kills it with its shade. In ten or twelve years the rising forest is thinned for the 
manufacture of tar, and for procuring branches to cover the newly-sown districts. After 
twenty years have passed, a fall of the trees commences for the manufacture of resin. 
Thus these forests, placed on the dunes or drifting sand-hills between the mouths of the 
Adour and the Garonne, shelter the whole country behind tljcrn trom the inroads of the 
element from the sea, and yield themselves a supply of an important article of commerce. 

9. Plants found on rubbish, or those which select the habitations of man and animals, 
on account of the salts and azotised substances which enter into their com[)osition, as 
pcllitory of the wall, nettles, and some mushrooms. 

10. Forest plants, including trees which live in society, as the oak, beech, elm, and fir, 
and the plants which grow under their shelter, as the greater part of the European 
orchises. Some of the former attain to enormous dimensions, and survive to a hoar 
antiquity. Four celebrated yew trees in Great Britain, whose dimensions are on record, 
appear, from the number of concentric zones observable in a transverse section of their 
stems, to have lived respectively 1214, 1287, 2558, and 2880 years. In relation to the 
first of these examples, we have the testimony of history, that this tree was in existence, 
and must have been of considerable size in the year 1133, it being recorded that the 
monks took shelter under it during the building of Fountains’ Abbey. De Candolle 
advances proof of an 
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The majestic forests of the equatorial zone contain trees of a most gigantic size. On 
the banks of the Atabapo, a bombax caiba was measured by Humboldt, more than 120 
feet high, and 1 5 feet in diameter ; and near the village of Turmero, to the south-west 
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of the city of Cumana, he found the famous Zamang del Guayre, a species of mimosa, 
with its trunk nearly ten feet thick, and its hemispherical head more than 600 feet in 
circumference, the branches bending towards the ground in the form of an immense 
umbrella. The boubabs of Senegal, and of the Cape Verde Islands, exhibit still greater 
dimensions, several having been noticed with trunks varying from 50 to 100 feet in 
circumference. 

11. Plants of the thickets <^r hedges, comprehending the small shrubs which form the 
hedge or thicket, as the hawthorn and sweet briar ; the herbaceous plants which grow at 
the foot of these shrubs, as tuberous moschatel, wood sorrel, and violets ; and those which 
climb among their numerous branches, as bryony, black bryony, and some species of 
everlasting pea. 

12. Subterranean plants, or those which live in mines and caves, entirely excluded 
from the light, as byssusy truffles, and some other cryptogamic plants. 

13. Plants of the mountains, which De Candolle proposes to divide into two sections: 

1. Those which grow on alpine mountains, the summits of which are covered with perpe- 
tual snow, and where, during the heat of summer, there is a continued and abundant 
flow of moisture, as numerous saxifrages, gentians, primrose?, and rhododendrons. 

2. Those inhabiting mountains on which the snow disappears during summer, as several 
species of snap-dragon, umbelliferous plants chiefly belonging to the genus seseli, or 
meadow-saxifrage, and labiate plants. 

14. Parasitic plants, which derive their nourishment from other vegetables, and which, 
consequently, may be found in all the preceding situations, as the misletoe, brown-rape, 
dodder, and a number of lichens, mushrooms, and mosses. 

15. Pseudo-parasitic plants, which live upon dead vegetables, or upon the bark of 
living vegetables, but do not derive their nourishment from them, as epidendrofiy lichens, 
and mosses. 

16. Plants which vegetate in hot springs, the temperature of which ranges from 80° 
to 150° of Fahrenheit, as vitex agnus casttis, the chaste-tree of the ancients, a species of 
osier, several cryptogamous plants, and ulva thermalis, the hot-spring laver. 

17. Plants which are developed in artificial infusions or liquors, as the mould found in 
Madeira wine, a species of conferva. 

This is an arrangement of vegetable tribes, according to the physical nature of the 
station they occupy, but very different species are found upon similar sites in different 
parts of the world, a diversity partially referable to a diversity of climate, which we have 
seen to depend upon elevation and latitude. There are some general laws respecting the 
distribution of plants, which it is not likely that any subsequent observation will modify. 
The proportion of the cryptogamic to the pluenogamic species, or those which never bear 
flowers, as mosses and lichens, to the common flowering plants, increases as we recede 
from the equator. The cryptogamous plants are to the phaenogamic, in equatorial 
countries, as 1 to 5 ; in Australia, as 2 to 1 1 ; in France, as 1 to 2, in several countries 
nearly equal, and over the whole globe as 1 to 7. The proportion of dicotyledonous 
plants, or those which have two seed-lobes, like most of the European trees, to the mono- 
cotyledonous, which have only one, as grasses, lilies, and palms, increases as we recede 
from the poles. The absolute number of species, and also the proportion of woody species 
to the herbaceous, increases as we approach the equator. The number of species, either 
annual or biennial, is greatest in temperate regions, and diminishes both towards the 
equator and the poles. The following table gives the relative proportions which several 
well-defined orders, or families of plants, bear to the whole mass of vegetation in the 
aones mentioned, and shows the zone in which they occur in the greatest relative abun- 
dance. 



GEOGIiATHJCAL DlSTIilBUTlOX OF IM.ANTS. 


651 


Agatns 
FernK alone 

Monocotyledonesj 

Glumacete | 
Junceoe alone 
Cyperacctt alonej 
Gramincie alone 

CoinpoNitce 


Leguminosa* 

Hubtacne 

Eiiphorbiascea* 

Labiaceae 

Mulvacea;. 

Ericaceae 


f 


Amentneoae 

Umbellife 

Crucifera* 


•ellifere | 
ifera* -! 


Examples. 


Ferns, Lichens, 
Mosses, Fungi 


Rushes, Sedges, 
Grasses 
Rushes 

Sedges 

Grasses 

Dandelion, daisy, 
and many culi- 
nary and orna- 
mental plants 
Various kinds of 
Pulse 

Madder, Coffee, 
&c. 

Spurge, Castor 
and Croton oil 
plants 

Sage, Lavender, 
Mint, Thyme, 
Ac. 

Mallow tribe, 

Ilollyliocks 
Heaths, Arbu- 

tuses, Azalias, 
Rhododendrons 
Must European 
timber-trees 
Hemlock, Parsley, 
Carrot 
Wall -flower, 
Cresses. 


Eonatorial Zune, 
Lat. OO 10'. 


f Plains -jIj 

\ Mountains 

i Countries nearly 
flat ^ 

Countries very 
mountainous^ to I 
rOld Continent ^ 
New Contiiieut ^ 


t Old Continent 
New Continent jjg 

A 

Old Continent 
New Continent ^3 

} - - A 

f Old Continent ■,», 
\ New C ontinent 


93 

li# 

I 

Bu9 

3^0 

I 

BOQ 




Tenijx'rafc Zoim, 
Liil. 45^ Wi>, 

l■■^■lKi<l Zi>n«>, 
I.ut. (i 7 ^ ~r. 

Muxhninn Ratio 

ill 

] * 

1 

\ 

Frigid. 

} 

is 

Equatorial. 

1 ‘ 

4 

Frigid. 

4 

4 

Frigid, 

flii 

ii 

Frigid. 

j 

4 

Frigid. 

V. 

to 

Frigid. 

4 

4 

) * 

Temperate. 


is 

Equatorial. 

} ^ 

ia 

Equatorial. 


SOS 

Equatorial. 

f America 40 
b Europe 

] 

Temperate. 


8 

Equatorial. 

r Europe ,^5 
\_ America 

} 

Frigid. 

f Kuro]>e 
t_ America 

j" VO 

Frigid. 

4 'a 

(irt 

'I'emperate. 

r Europe j'g 
h America g'j 

] 

l'em])erate. 


Thus the group of ferns, mosses, lichens, and fungi in the equatorial zone constitutes 
i^^th of the vegetation on the plains, and Jth of that on the mountains, while in the tem- 
perate zone it forms one half of the whole number of plants, and in the frigid zone almost 
the entire vegetation belongs to this family. The group of grasses constitutes, in the 
equatorial zone, y^th of the whole number of plants that exist in it, in the temperate zone 
-iijith, and in the frigid zone T^^h, the maximum ratio being attained in the latter. The 
social plants, or those which live together, covering large tracts of country, like the 
common heath which is spread over the sand-hills of Jutland, Holstein, Hanover, West- 
phalia, and Holland, are comparatively rare within the tropics, and are only found on 
the sea coasts and upon elevated plains. 

In the cold and inhospitable climate of high northern latitudes, where the ground is 
frozen hard during nine months in the year, and covered with snow several feet deep, the 
vegetable tribes are few in number, stunted in their appearance, and of analogous species 
in the polar regions of Europe, Asia, and America, the continents there being nearly 
united. Mosses and lichens — the crj/ptogamia of Linnecus, and acotyledones of Jussieu 

form one of the chief botanical features of the arctic zone, and extend in small and 

isolated tufts as far as travellers have been able to penetrate to the north. One species 
occurs in great abundance on the southern confines of this zone — the reindeer moss-^ 
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oovediig of itself a large extent of country, and constituting the principal support of ^ 
aniinal after it is called, and upon that animal the Laplander entirely depends for 
hla oatn sbhsi^ The scurvy grass and sorrel, so valuable for their antiscorbutic 
likewise under the almost perpetual snows ; and during the short summer 
whkdi the arctic fields e^joy, some low flowering herbs, the saxifrage, primrose, ranunculus, 
anemone, and yellow poppy, display their tints upon the sites which have a southern 
aspect. In receding from the pole, the first specimens of the higher classes of vegetation 
encountered are a few shrubs of wild thyme, and a species of willow expanding itself late- 
rally to the extent of several feet, yet never rising more than two or three inches from 
the ground, showing the ungenial influence of the climate. Next comes the ** lady of the 
woods,” the birch, but shorn of her fair proportions — a mere dwarf — along with various 
kinds of bushes yielding edible fruit of delicious flavour, as the cloud-berry and arctic 
bramble. The latter grows in the wildest and most exposed districts of Lapland. It 
sometimes offered to Linnjeus the only food he could obtain during his perilous journey 
in that dreary region; and hence the reference made to it in his work: — “I should be 
ungrateful towards this beneficent plant, which often, when I was almost prostrate with 
hunger and fatigue, restored me with the vinous nectar of its berries, did I not bestow on 
it a full description.” At the island of Hammerfest, near the North Cape of Europe, in 
latitude 70° 40', the birch grows in sheltered hollows between the mountains, attaining 
to about the human height; and in the low branches which creep along the ground the 
ptarmigan finds a summer retreat, and breeds in security. The only other trees of any 
importance, that can maintain an existence within the arctic circle, are some of the pine 
species, the Scotch and spruce hr, which in Norway pass a short distance beyond its con- 
fine, but chiefly the former. Barley is cultivated in this zone as high as latitude 70° ; but 
it requires a favourable aspect and season in order to be ripened, for there is little more 
than three months between the loosening of the frozen ground and its being again bound 
up. Wahlenberg states, that the cultivation of this grain succeeds wherever the mean 
temperature during ninety days rises to 48°. At Enontekeis, in Lapland, barley and 
turnips yielded nine good crops in the tliirty years between 1800 and 1830. The pre- 
ceding remarks apply to the arctic regions of Europe, which have a less severe climate 
than those of Asia and America, and, consequently, a more copious vegetation, scanty as 
it is, 

lieferring to the temperate zone, we find the pine tribe luxuriant at its northern con- 
fine, forming the magnificent forests of Scandinavia, where the spruce fir grows perfectly 
straight, sometimes to the height of two hundred feet. Hence the Germanic name of 
this tribe, needle-wood ; and Milton’s illustration in the splendid description 

I of Satan, — 

“ His spear, to equal which the tallest pine 
Hewn on Norwegian hills, to be the mast 
Of some great ammiral, were but a wand," 

The pines Mcur in much more extensive forests, and with less admixture, than any other 
genus of timber-trees, immense districts in North America being covered with them ; 
but they do not reach to such high parallels of latitude there, or in Asia, as in Europe. 
The Norwegian pine is, however, far exceeded by a transatlantic species, Pinus Lam-- 
bertiana, growing singly on the plains to the west of the Rocky Mountains. Several 
have been measured, and found to be 250 feet high, 60 feet in circumference at the base, 

4i feet in circumference at the height of 190 feet, yielding cones 11 inches round, and 
from one foot to 16 inches long, a transverse section of the trunk showing 900 annual 
rings. In descending into the temperate zone, we meet with the alder, aspen, and moun- 
tain ash. We then come to the extreme northern boundary of the oak, in latitude 63° 











at Drdntheim in Norway ; but in the eastern parts of Europe, the monarch of the woods 
is not found higher than ; and in the eastern parts of Asia, tlie oak is only able to 
maintain a precarious existence on the banks of tlie Argouan, in the same latitude as 
London. Elm and lime trees are found at 61° in Europe, the beech at 59°, in connec- 
tion with most of the vegetable productions which are important to the sustenance of 
mankind. Rye is cultivable with advantage as lar north as 66°; wlieat is limited to 
62°; and oats will rarely ripen in a higher latitude In the northern half of the 
temperate zone, the fruit-tnuis of the garden and orchard, the gooseberry, apple, pear, 
cherry, and j)lum, attain their greatest perfection, losing their flavour, and degenerating 
entirely in warmer regions. In the midland portion of this district, the vine, apricot, 
peach, almond, and mulberry flourish ; and further to the south is the country of the 
olive, orange, lemon, cork, and fig. To the westward of Milan, we first meet with fields 
of rice, yielding a whispering sound when agitateil by the wind, a plant which can only 
be raised where there is a plentiful supply of water, an advantage enjoyed by the whole 
plain of Lombardy, in consequence of an admirable system of artificial irrigation, which 
the physical condition of the country favours. The flora of the region thus summarily 
passed over exhibits exquisite specimens of form and colour, but, perhaps, in successful 
competition with its floral developments, or with those of equatorial districts, we may 
place the vivid green of its grasses, trees, and hedgerows, under the reviving touch of 
spring. Corresponding latitudes in the western hemisphere present vegetable produc- 
tions of great splendour, together with the careful cultivation of the more useful orders, 
as in the rice, cotton, indigo, tobacco, and sugar-cane plantations. 

It is in the glowing regioris of the torrid zone that vegetation exhibits its greatest 
variety, and presents productions more splendid in their colours and stately in their form, 
more fragrant in their odours and pungent in their taste, than any other climate. 
Wheat, and most ofher kinds of European corn, will not form an ear upon the low levels 
of these hot districts, and are only to be cultivated with success within the tropics, at an 
altitude of from five to nine thousand feet above the level of the ocean, where the mode- 
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rate warmth of the temperate latitudes is enjoyed. There are several exceptions to this 
rule, created by. local peculiarities, for at lOJ® north of the equator, in Venezuela, fields 
of com bletid with plantations of sugar-cane, coffee, and plantains, at no greater eleva- 
tion thaii 1900 feet above the sea-level, while in the interior of the island of Cuba fine 
harvests are raised at but a small height above the ocean. Various other kinds of grain, 
however, fiourish abundantly upon the plains, as millet, maize or Indian wheat, and rice, 
the latter being the chief food of perhaps a third of the human race, while valuable 
substitutes for grain are found in the bread-fruit and plantain, the cassava and manioc 
roots of America, the taro-root and yam of Polynesia. In the central parts of the 
torrid region, we find the plants which yield the most powerful aromatics — the vanilla, 
the cinnamon, the nutmeg, the pepper, the clove, and the camphor ; but it is especially 
remarkable for the abundance and grandeur of its flora and timber-trees, whether growing 
singly or in forests. In Hindustan and Cochin China, the banian or pagod^tree, Ficus 


Indica^ exhibits that vast size and peculiar form, which rendered it the wonder of 
the ancients, the lateral branches sending down shoots which take root in the earth, and 
compose a grove, in process of time, out of the individual, sometimes covering an area of 
1700 square yards. Southey, in the Curse of Kehama, has well described this object: — 

“ ’Twas a fair scene wherein they stood, 

A green and sunny gladc*amid the wood, 

And in the midst an aged Banian grew. 

It was a goodly sight to sec 
That venerable tree, 

For oVr the lawn, irregularly spread, ' 

Fifty straight columns propp’d its lofty heaa ; 

And many a long depending shoot > 

Seeking to strike its root. 

Straight, like a plummet, grew towards the ground. 

Some on the lower boughs, which cross'd their way, 

JFlxing their bearded fibres, round and round, * 

With many a ring and wild contortion wound ; 

Some to the passing wind, at times with sway 
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Of gentle motion swung ; 

Others of younger growth, unmoved, were hung 
Like stone-drops from the cavern’s fretted height. 

Beneath was smooth and fair to sight. 

Nor weeds nor briars deform’d the natural floor ; 

And through the leafy cope which bower’d it o’er 
Came gleams of chequer’d light. 

So like a temple did it seem, that there 
A pious heart’s first impulse would be prayer.” 

The same tribes which are the slender and humble plants of northern regions, become 
lofty trees within the tropics, as several of the grasses, the bamboo rising to the height 
of sixty feet, the hollow stalk of which is capable of being constructed into capacious 
household vessels. Some of the family of leguminosm are hardy-flowering trees, and con- 
tribute greatly to the beauty of the gardens of northern climes, as the Robinia and the 
Labernum, but they give way before the splendour and elegance of their tropical 
brethren. The flowers of tlie Erethrina, or coral tree, are of the deepest and most 
brilliant crimson, and appear in profusion upon some of the loftiest trees of the forest, 
while the Bauhinias, with their snake-like stems, and twin leaves, hang in festoons from 
branch to branch of other trees, and are only rivalled by the less vigorous but more 
richly coloured blossoms of the Carpopogons. But from these the Mimosa bears away 
the palm, with its rugged trunk, airy foliage, and golden flowers, which cast a charm 
over even the sterile wastes of burning Africa. 

All naturalists, who have visited equinoctial America, have found it impossible to 
convey any adequate idea of the impression produced upon the mind by its forests, con- 
sisting of noble trees, thickly planted by the hand of nature, the trunks of which are not 
covered with moss and lichen as in our climate, but with creeping plants ascending from 
the ground to the very summit of the trees, binding the whole together into a closely 
united mass of vegetation, and adorning it with brilliant flowers. “ When a traveller,’^ 
says Humboldt, “ newly arrived from Europe, penetrates for the first time into the forests 
of South America, if he is strongly susceptible of the beauty of picturesque scenery, he 
can scarcely define the various emotions which crowd upon his mind ; he can scarcely 
distinguish what most excites his admiration-^ the deep silence of these solitudes, the 
individual beauty and contrast of forms, or that vigour and freshness of vegetable life 
which characterise the climate of the tropics. It might be said that the earth, over- 
loaded with plants, does not allow them space to unfold themselves. — So thick and 
uninterrupted arc the forests which cover the plains of South America between the 
Orinoco and the Amazon, that, were it not for intervening rivers, the monkeys, almost 
the only inhabitants of these regions, might pass along the tops of the trees for several 
hundred miles together without touching the earth.” Towards the junction of the 
Cassiaquaire with the Orinoco, “ the luxuriousness of the vegetation increases in a 
manner of which it is diflScult, even for those who are accustomed to the aspect of the 
forests between the tropics, to form an idea. There is no longer a beach ; a palisade of 
tufted trees forms the bank of the river. You see a canal 200 toises (426 yards) broad, 
bordered by two enormous walls, clothed with lianas and foliage. We often tried to 
land, but without being able to step out of the boat. Towards sunset we sailed along 
the bank for an hour, to discover, not an opening, since none exists, but a spot less 
wooded, where our Indians, by means of the hatchet and manual labour, could gain space 
enough for a resting-place for twelve or thirteen persons.” Mr. Darwin records similar 
facts and impressions : — “ During the second day’s journey, we found the road so shut 
up, that it was necessary that a man should go abroad with a sword to cut away the 
creepers. The woody creepers, themselves covered by others, were of great thickness ; 
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warn I two feet in circumference. TArny of the older tr^ pre- 

iuxled 0^^ eppewanee from the tresses of a liana hanging from t^r boughs, 
and rese^i^ bundles of hay. If the eye was turned from the world of a^ve, 

to the ground beneath, it was attracted by the extreme elegance of the leaves of the ferns 
and ndmos®. It is easy to specify the individual objects of admiration in these grand 
scenes; but it is not possible to give an adequate idea of the higher feelings of wonder, 
astonishment, and devotion, which fill and elevate the mind. Among the scenes which 
are deeply impressed upon my mind, none exceed in sublimity the primeval forests unde- 
faced by the hand of man ; whether those of Brazil, where the powers of Life are pre- 
dominant, or those of Tierra del Fuego, where Death and Decay prevail Both are 
temples filled with the varied productions of the God of nature; — no one can stand in 
these solitudes unmoved, and not feel that there is more in man than the mere breath of 
his body.” 



Palm Forests. 


For utility and majestic port, the order Palmw, the princes of the vegetable world, to 
use the appropriate phrase of Linnjjeus, constitute the chief vegetable glory of intertropical 
localities, though found in reduced dimensions in Spain, the neighbourhood of Genoa, 
around Naples, and in Sicily. The date-palm, with its cylindrical columnar stem, and 
crown of leaves, is u singularly graceful object in the deserts of the Old World : — 

“ Tliosf groups of lovely date trees bending 
Languidly their leuf-crown’d heads, 

Like youthful maids, when sleep descending 
Warns them to their silken beds.” 

But in equinoctial South America the palm tribes appear in their greatest magnificence, 
fascinating and imposing to the eye of the traveller, as he beholds them on the granite 
rocks at the cataracts of Atures and Maypures, on the Orinoco, the light green of the 
leaves, waving in the breeze, strikingly contrasting with the darker surrounding vegeta- 
tion. On the plains, which are subject to floods, the European is sometimes startled by 
seeing the tops of these trees lighted with fires. They are kindled by the Guanacas, a 
people who have remained for ages in these marshy districts, secured from the floods by 
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living in the palms, where, with mats coated with clay, they construct hearths for the 
fires which are essential to their comfort In other districts the palni>grove8, saye 
Desfontaines, ** being impervious to the sun’s rays, afford a hospitable shade, both to man 
and other animals, in a region which would otherwise be intolerable from the heat 
Under this natural shelter the orange, the lemon, the pomegranate, the olive, the almond, 
and the vine, grow in wild luxuriance, producing, notwithstanding they are so shaded, 
the most delicious fruit. And here, while the eyes are fed with the endless variety of 
flowers which deck these sylvan scenes, the ears are at the same time ravished with the 
melodious notes of numerous birds, which are attracted to tliese groves by the shade, and 
the cool springs, and the food which they there find.” The date, the cocoa-nut, and tlic 
sago palm, are of vast importance to mankind, for the nourishing farinaceous food they 
supply, and their extraordinary fecundity, which led to the assertion of Linnicus, that the 
region of palms was the first country of the human race, and that man is essentially 
palmivorous. The cocoa palm produces annually, during the greater part of a century, 

100 of its large nuts, but the Seje palm of the Orinoco yields 8000 fruits at a crop. A 
single spatha of the date palm, the broad sheathing leaf which incloses the flowers, 
contains 12,000, while each spatha of another species, the Atfonsia Amygddlinay has 207,000 
flowers, and the individual plant 600,000. The produce of the banana, or plantain, i 

another inhabitant of tropical climes, is still more enormous ; a plant which requires but I 

little cultivation, and is to immense numbers of the human race, what rice is to the 
Hindoos, and wheat to the Europeans. According to a calculation of Humboldt, upon 
the same space of ground, the weight of the yield in the case of bananas will be 44 times 
that of potatoes, and 133 times that of wheat! 

In thus proceeding through the vegetable kingdom from the pole to the equator, we 
come to different productions as we descend from the frozen to the cold, the temperate, 
the warm, and the hot regions ; but as a change of elevation has the same effect upon 
climate as a change of latitude, the plants that are characteristic of the high latitudes 
appear in succession upon the lofty mountains of those that arc much lower. Tournefort 
found the plants that are peculiar to Armenia at the foot of Mount Ararat ; above these 
he met with those that are common in France ; at a still greater height he came to those | 
that grow in Sweden ; and towards the summit the vegetation of the polar regions 
appeared. The Alps, Pyrenees, and Andes exhibit the same feature ; and hence it may 
be regarded as a botanical axiom, that the flora of a mountainous country will be richer 
than that of another of less diversified aspect in the same latitude. The table states some 
interesting facts respecting vegetation on some of the mountains of the torrid and 
temperate zones. The fathom is equal to 6*39453 English feet. 



And(>s nr Quito, 
Lat. QO. 

Mountains of 
Mexico, 

Lat. 2(P. 

('hucuiii, 

Lat. 

Pyrenees, 
Lat. 4‘i|0. 

Alps, 

Lat. 4ftJ<> to 460. 

Distance between trees and"! 
the line of perpetual snow J 

SOO fathoms 

330 fathoms 

650 fathoms 

230 fathoms 

450 fathoms 

Upper limit of trees. 

1800 fathoms 

2000 &thoms 

1000 fathoms 

1170 faths. 

920 fathoms 

Last species of trees towards 
the snow 

Escalonia 

Alstonia. 

Pinus Occident. 
The occidental 
pine covers the 
Nevado of 
Toluca. 

Betula alba. 
The common 
Birch. 

Pinus rubra. 
Pinus uncin. 

Abies exeelsa. 

Distance between the snow "I 
and corn J 

800 fathoms 

- 

630 fathoms 

- 

700 fathoms 



55S 


PHYSICAL GEOaBAPHT. 


Marine botany exhibits a similar diversity of species in different temperatures and 
localities of the ocean. The Polar Atlantic) the West Indian seas, the Indian Ocean 
and its gulfs, the eastern shores of South America, the coast of New Holland, the 
Mediterranean and Red seas, have each peculiar kinds of algae, or sea-weed, belonging 
to them, though some marine productions take a very wide range, and appear to be 
universally diffused. The genus fucusy which grows up to the surface from deeply sunk 
rocks, forming immense beds, which act as natural breakwaters, and appear like exten- 
sively inundated meadows, through which ships with difficulty can make their way, is 
found from the extreme southern islets near Cape Horn, along the whole western coast of 
South America, and in the tropical Atlantic Ocean. It is abundant in the northerly regions 
of the deep. This plant has already been mentioned as remarkable for the enormous 
length of its stems, in some cases reaching to three hundred and sixty feet. It is a 
striking example, also, of rapid growth. Mr. Stephenson found that a rock uncovered 
only at spring-tides, which had been chiselled smooth in November, was thickly covered 
with fucus digitatus two feet in length, and fucus esculentm six feet, in the following 
May, within six months afterwards. Some terrestrial plants, likewise, are extensively 
diffused, and adapt themselves to every variety of climate. The Satnolus valerandiy a 
flowering marsh plant, occurs all over the globe, associated with the birches of the frozen 
north, and with the palms of the burning tropics. 

But climate only suffices very partially to explain the phenomena of vegetable distribu- 
tion ; for under the same, or eorresponding parallels of latitude, at the same elevations 
above the level of the sea, and upon kindred soils, we find totally distinct genera, and 
different species. The genus crico, or the common heath, seems to be exclusively confined 
to one side of our planet. It is chiefly to be found in a narrow longitudinal zone, 
extending from the northern parts of Europe to the Cape of Good Hope ; for it rarely 
occurs in Asia, and of the 137 known species not one belongs to America. “Large 
commons without heaths,” says Mr. Lyell, speaking of his first transatlantic impressions, 
in the neighbourhood of Boston, “ reminded me of the singular fact that no species of 
heath is indigenous on the American continent.” On the other hand, the cactus family 
belongs as exclusively to the New World as the heaths to the Old. The beautiful and 
fragrant rose-tree appears to be entirely wanting as a native plant in South America, 
and throughout the southern hemisphere ; and in general, comparing the vegetation of 
the two continents, where the same genera recur, the species are not identical. Humboldt 
found upon the lofty mountains of equinoctial America, where the climate corresponds 
with that of the temperate zone, plantains, valerians, arenarias, ranunculuses, medlars, 
oaks, and pines, which, from their physiognomy, might be confounded with those of 
Europe, but they were all specifically different. The plants of New Holland, with very 
few exceptions, are different to those of the rest of the world ; and of sixty-one native 
species, in the little island of St. Helena, only two or three are to be found in any other 
part of the globe. In some instances, upon travelling across a ridge of mountains, without 
any change of latitude, the vegetation is found quite different on the one side from the other. 
Nothing can be more striking than the contrast between the vegetation of the eastern 
and western sides of the chain of the Rocky Mountains. On the eastern side azaleas, 
rhododendrons, magnolias, with a variety of oaks and elms, form the principal features 
of the landscape ; but beyond the ridge, most of these genera entirely disappear, and the 
giant pine becomes the chief object in view. Starting in an easterly direction through the 
northern parts of the Old World, we gradually lose the oak, the wild-nut, and the apple- 
tree, so common in Europe, upon crossing the Uralian mountains, and they cease to be met 
with beyond the banks of the Tobol ; but in the eastern parts of Asia, on the banks of the 
Argouan, the two former occur anew, and the last re-appears in the Aleutian isles. 
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There are multitudes of plants of a completely insulated growth flourishing spon* | 
taneously in a particular spot, and nowhere else. Examples occur upon the volcano of 
Guadaloupe, the Table Mountain of the Cape, and upon some sites of New Zealand ; but 
the most remarkable case of this kind is that of the cedar of Lebanon, which has never been 
found indigenous in any other locality. From the earliest times the cedars of Lebanon 
have been celebrated. Their timber was largely used in some of the most famous 
structures of the ancients, and was highly prized on account of its durability ; for though 
not equal to the oak in absolute wear, it is so bitter that no insect will touch it. When 
Solomon built his temple, he sent to Hiram, the lord-paramount of Lebanon, to procure 
the necessary quantity of cedar-wood for the structure ; and the thirty thousand axes of 
the King of Israel must have deprived the heights of some of their noblest trees. Very 
few of the ancient stock now exist — whether owing to similar ravages, or to some change 
in the climate, it is impossible to determine. When Ballonius visited them in the year 



Cedars of Lebanon. 


1550, there were twenty-eight of the old race remaining. In 1575 Rauwolf found 
twenty-four; in 1680 Dandini found twenty-three; in 1738 Pococke counted fifteen; in 
1811 Burckhardt could only number eleven ; Dr. Richardson in 1828, and Lamartine in 
1832, speak of only seven. The age of these patriarchs of the forest has been variously 
estimated. The inhabitants firmly believe them to be the remains of that identical forest 
which flourished in the time of Solomon. Lamartine supposes it a fair presumption, from 
their size and appearance, that they go back to biblical times. It is certain that they 
were regarded as very ancient several centuries ago; nor is it unlikely that they are the 
surviving relics of a second generation since the time of the Jewish king. 'J'he cedar, 
full grown, with its upward inclining brandies, is one of the most majestic and beautiful 
of the productions of the vegetable kingdom. The Arabs regard this inclination as a 
sign of intelligence, answering to instinct in animals, and reason in man; and it is 
asserted that this upward turning of the branch is always greater previous to the descent 
of the snow, as if the tree anticipated, and prepared to receive, the coming burden. 
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“It was a cedar tree 

'n»at woke him from the deadly drowaineMi ; 

The broad round-fipreading branches, when they felt 

The snow, rose upward in a point to heaven, 

And, standing in their strength erect. 

Defied the baffled storm." 

Various magnificont specimens of the cedar of Lebanon have been reared in England, 
but it has never been found growing wild apart from the Syrian mountains. 

Owing to the exclusive confinement of individual families of plants to particular lo- 
calities, or their jwedoininance there, the globe has been divided into a series of botanical 
habitations, regions, or provinces, which are named after the most remarkable feature of 
their vegetation, or characterised by the geographical terms commonly applied to the 
districts. In the arrangement of Professor Schow both methods are adopted, but the 
latter only where a distinct botanical province is surmised, without a sufficient acquaint- 
ance with its productions being possessed to denominate it after those which are most 
predominant. There are about fifty botanical regions noticed by De Candolle ; forty-eight 
by Mr. Hinds ; and twenty-two by Professor Schow. From the latter the following ar- 
rangement is derived: — 

1. The regions of saxifrages and mosses, or the alpine arctic flora. This region is 
characterised by the abundance of mosses and lichens ; by the presence of the saxifrages, 
and gentians, chickweed tribe, sedges, willows ; by the total absence of tropical families, and 
a marked decrease of the forms peculiar to the temperate zone, of the forests of firs and 
birches, and an absence of other forests. It is also distinguished by the small number of 
annual plants, the prevalence of perennial species, and by a greater liveliness in their 
simple colours. The region is divided into two provinces: 1. The province of the 
CariceSf or the Arctic Flora, which comprehends all the countries within the polar circle, 
with some parts of America, Europe, and Asia, which are to the south of it ; more espe- 
cially Lapland, the north of Russia, Siberia, Kamschatka, New Britain, Canada, Labrador, 
Greenland, and ilie mountains of Scotland and Scandinavia. The Laplander combs and 
dresses some species of mrejr^ ns we do flux, and in winter stuffs his shoes and gloves with 
it, as a protection against the extreme cold of the climate. 2. The province of Primroses 
and Rampions, or the Alj»ine Flora of the south of Europe, which embraces the flora of 
the Pyrenees, Switzerland, the Tyrol, Savoy, the Apennines, the mountains of Greece, 
and probably the Spanish mountains. 

2. The region of the umbelliferous and cruciferous plants, to which the hemlock, 
parsley, wall-flower, and cresses belong. These tribes are here in much greater number 
than in any otiicr region. Ruses, crowfoots, amentaceous and coniferous plants are also 
very numerous, 'riie ubundance of carices, and the fall of the leaves of almost all the 
trees during winter, form, also, chief features of this division. It may be separated 
into two distinct provinces: — 1. The province of the rte^oraceu?, including the sow- 
thistle, dandelion, and lettuce, which embraces all the north of Europe, not comprehended 
in the preceding region, namely, Britain, the north of France, the Netherlands, Germany, 
Denmark, Poland, Hungary, and the greater part of European Russia. 2. The province 
of the astragalij and cgnarwephalff, to which the milk vetch, burdock, and thistle belong, 
which includes a part of Asiatic Russia, and the countries about the Caucasian moun- 
tains. 

3. The region of the labiuftr, and caryophilla*^ to which the pink, catch-fly, and sand- 
worts belong, or the Mediterranean flora. It is distinguished by the abundance of the 
plants belonging to these two onlers. Some tropical families are also met with, such as 
palms, laurels, arums, plants yielding bulsaiii and turpentine, grasses belonging to the 
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genus Panictim, or millet, and the true Cyperaceie^ or sedges. The forests are composed 
chiefly of the amentaceous and coniferous tribes, as birches, willows, and oaks; the copses 
of Ericin€E^ or heath tribe, and Terchinthacew^ as the mastic ; and we meet with a great 
number of evergreen trees. Vegetation never ceases entirely, but venlant ineailows are 
more rare. The region is divided into live provinces: — 1. TJie province of llie ci6tus(*s, 
or rock-roses, including Spain and Portugal. 2. The province of* the sage and scabious, 
including the south of France, Italy, and Sicily. 3. The province of tlie slirubby LahiaUv 
or the Levant, Greece, Asia Minor, and the southern part of the C'aucasian mountains. 

4. The Atlantic province, including the north of Africa, of which Professor Schouw has 
ascertained no distinctive character. 5. The province of the houseleeks, or the Canary 
Isles, and probably also the Azores, Madeira, and the north-west ciuist of Africa. Many 
houseleeks, and some spurges, w ith naked and spiny stems, particularly characterise this 
province* 

4. The region of the Rhamni and Caprifoliacere^ to which the buckthorn and honey- 
suckle belong ; or the Japanese region. It embraces the eastern temperate part of the 
old continent; namely, Japan, the north of China, and Chinese Tartary. The vegetation 
is indifferently known ; but the mass appears to be temperate, yet singularly mixed with 
tropical forms. There are no large masses of oaks and fir, though these trees are 
common. The fruit trees of southern Europe are abundant and productive ; some spice 
plants appear ; and cotton and tobacco are grown in consid(*nible quantities. The tea 
shrub is cultivated in extensive plantations. The hedges of some of the farms also con- 
sist of it, and supply the drink of the labourers. 

5. The region of Asters and Solidagosj Michaelmas daisies and golden rods. This is 
marked by the great number of species behuiging to flu'sc two gcruu’ii ; by the great 
variety of oaks and firs; the small number of umbelliferous and cruciferous plants; the 
total absence of the heath; and the presence of more numerous species of whortlelx^rry 
than are to be met with in Europe. It comprehends the wlude of tluj eastern part of 
North America, with the excejition of what belotigs to the first region. It has been 
divided into two provinces: — 1. that of the south, which embraces the Floridas, Ala- 
bama, Mississippi, Louisiania, Georgia, and the Carolinas ; 2. that of the north, which 
includes the other states of North America, such as Virginia, Pennsylvania, and New 
York. 

6. The regitm of Magnolias, chiefly large trees, with lnrg<! leaves and highly-odorons 
flowers, the j)erfume of which may be discovered at a great distance, if the wind be favour- 
able. It comprises the most southern parts of North Annudea. 'fhe tropical forms, whi<‘h 
show themselves more freciueiitly than on a similar i>arallel of the old continent, an^ the 
chief features of the vegetation. 

7. The region of Cactuses, Peppers, and Melastorn.'is. "fhese families are h(u-e pretdo- 
minant, both as it regards the number of the species, ami of the individual plants. It is 
divided into three provinces: — 1. the province, of the; Ferns uiid Orchises, cornprehcmling 
the West India islands; 2. the province of the Palms, including the lower parts of 
Mexico, New Granada, New Guiana, and I*eru ; 3, llrazil also seems to form a province, 
and may perhaps constitute a regi(m of itself. 

8. The region of Cinchonec, or medicinal barks, comprising a part of the elevated 
regions of South America, from twelve hundred to five thousand fe(d above the level of 
the sea, included in the torrid zone. The Cinchona belongs exclusively to this region, 
and forms its principal feature, from which we have the well-known and highly-valued 
Peruvian bark of medicine. 

9. The region of Escallnnias, Whortleberries, and Winter’s Parks. It embraces the 
highest parts of South America. We also meet with Alj)im; plants ; as saxifrages, whit- 
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low-grass, sandworts, sedges, and gentians. Perhaps, also, the mountains of Mexico 
belong to this region, although they may form a separate province — that of the oaks and 
firs. 

10. The Chilian region. The flora of Chili differs essentially from those of New 
Holland, the Cape of Good Hope, and New Zealand, although an approach to them is 
observable in the genera Goodenia^ Araucaria^ or Chilian pine, Protea^ Gunrura, and 
AncUtfum, In a few favoured valleys the ground is quite yellow with the multitudes of 
flowers of Pancratium Amancaes --fi beautiful and rare specimen of the genus— whose 
expanding flowers are the signal for the commencement of the revels bearing its name. 

1 1. The region of Arborescent CompositcB^ or arborescent plants, with flowers like the 
dandelion and daisy. The great number of syngenesious plants, more particularly of the 
family of Bo&pidea^ forms the chief feature of this flora, which approaches in a remark- 
able manner to that of Europe, while it differs entirely from those of Chili, the Cape, and 
New Holland. This region comprehends the lower part of the basin of the Rio Plata, 
and the plains which extend to the west of Buenos Ayres. 

12. Tlie Antarctic region, formed by the countries near the Straits of Magellan. The 
vegetation here has a considerable affinity with what is seen in the north temperate zone. 
Polar forms, however, display themselves in the speeies of saxifrage, gentian, arbutus, 
and primrose. There is also a resemblance between the flora of this region and those of 
the mountains of South America, of Chili, the Cape, and New Holland. 

13. The region of New Zealand. This flora, besides the plants peculiar to these 
islands, comprehends several others which belong to the extremities of America, Africa, 
and New Holland. The Phormium tenax is here indigenous, whose numerous leaves the 
natives manufacture into matting ; or a coarse thread is separated from them, and made 
into cordage and coarse linen, as is done from different species of aloe and agave in the 
Levant and southern Europe. 

14. The region of Epacrides and Eucalypti^ comprehending the temperate parts of 
New Holland and Van Diemen’s Land. The former are ornamental plants growing upon 
high situations ; the latter are lofty timber trees. Besides these two families, from which 
the region derives its name, it is characterised by the presence of a great number of Pro^ 
teacetCy StyliderCf Pestiacetc, Dinsume^ myrtles, and acacias. 

15. Tlie region of Meseinhryatithema^ Fig-Marigolds^ and Stapelias. These two 
genera, os well us the h(*atlis, arc very abundant here. It embraces the southern extre- 
mity of Africa, where the family of heaths is found in greater quantity than anywhere 
else* But three or four humble British shrubs, witli the heath of Spain, Erica Mediter- 
raiifo, were known prcvimis to the conquest of the Cape of Good Hope. Several 
hundreds of sjMjcies were then brought to light, many of very elegant, and some of 
splendid appearance. 

16. The region of Western AlVica, We are only acquainted with Guinea and Congo, 
the vegetation of whicli is a mixture of the floras of Asia and America, bearing most 
resemblance to the former. A considerable number of grasses and sedges characterise 
this region, and tluj peculiar genus Adamottia^ the baobab — the largest known tree in 
the world. The name is derived from the French botanist Adanson, who first observed 
the tree upon his voyage to Senegal. He measured the trunks of several from sixty-five 
to seventy-eight feet in circumfertmee, the single brunches of w hich would be equal to 
monstrous trees : and where the water of a river had washed away the eanh, so as to 
leave the roots of one partially bare and o|>en to the sight, they measured 1 10 feet long. 

17. The region of Eastern Africa, of the vegetation of which no definite knowledge is 
yet possessed. 

18. The region of the Scitamine€c, the turmeric, cardamom, and Indian shot, or the 
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Indian flora. The Sciluminem are here much more numerous than in America, as well as 
the LeguminoseBy such as pease and broom. The CucurhitacetTy or the eucumlMT tribe, and 
Tiliace^By or the lime-tree tribe, are also abundant, but in a less d(‘«^ree. The rejjion com- 
prehends India east and west of the Ganges ; the islands of Madagascar, Hourbon, and 
Mauritius ; those between India and New Holland ; and perhaps the tropical part ot* this 
last continent. 

19. The mountains of India form one or two regions, the vegetation of which differs 
from that of the plains. These countries perhaps constitute one region with nearly the 
whole of Central Asia. 

20. The floras of Cochin China, Tonquin, and the south of China, notwithstanding 
their resemblance to that of India, present a sufficient number of peculiar indigenous 
plants to constitute a distinct region. 

21. The flora of Arabia, Persia, differing from that of India and the Mediterranean, 
forms a particular botanical region, characterised by the numerous species of Cassia and 
Mimosa^ Of the latter family, there is the beautiful acacia of Lalla Rookh : — 

** Our rocks are rough ; but smiling there 
Th* acacia waves her yellow hair. 

Lonely and sweet, nor lov'd the leas 
For flow'ring in a wilderness." 

It is probable that Nubia and part of Central Asia belong to the same region ; and Abjrs- 
sinia, the elevated parts of which possess such a different climate, may form one of the 
great subdivisions, or even a totally distinct region. 

22. The islands of the South Sea, which lie within the tropics, form a separate 
region, but with a slender degree of peculiarity. Among 214 genera, 173 arc found in 
India, and most of the remainder are in common with America. The bread-fruit tree is 
among the characteristics of these islands, althougli it is not confined to them. 

To the preceding enumeration there should be added those islands which have a dis- 
tinct vegetation, as Kf'rguelen’s Land, or the Island of Ih^solation, the whole flora of 
which, when visited by Captain Cook, consisted of sixb^en or eighteen sp(^cies, nil of 
which were considered to be peculiar to it. St. IleJena is another exttm{)lc, characterised 
by an indigenous vegetation, not a single species of which is found on the continent of 
Africa, while not more than two or three of its species occurs on the continent of 
America. 

It thus appears, upon examining different and distant localities, that each has a vege- 
tation peculiar to itself, while a common analogy prevails among them, where the physical 
conditions of soil, temperature, and local circumstance.s are the same. Plants of the 
simplest structure, or the cryptogamic tribes — tin; lowest ord<*rH in the vegetable cn^atlcm 
— are the most extensively diffused, tlie same, species existing in far n^mote countries. 
Of the lichens observed in New Holland, two thirds an* also natives of Europe; and of 
the one hundred species of ferns discovered there, twenty -(dght are (common to other 
countries. It is very diffenmt wdth plants of the more perfect kind, or the diernyledorious 
tribes, the aggregate number of which, known to Mr. Prown in New Holland, amounts to 
2100 species, of which only fifteen, or about the one hundred and ninety -third part, are 
found in Europe. Of the plants belonging to an intermediate class, or the monoeotyledo- 
nous tribes, amounting to 860 species, there are thirty, or about the one twenty-ninth 
part, chiefly grasses, that are native to Europe. “ If the animal kingdom in New Hol- 
land,*’ says AL Leschenault, “offers remarkable peculiarities which isolate it from all 
other parts of the world, the vegetable kingdom has a chara^rKT no less distinctive. Tliis 
character relates not only to botanical differences, but likewise to a natural physiognomy 
which would be remarked by the most careless observers. Tlic vegetation only of the 
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southern parts of Africa can be compared to that of New Holland. In the same latitude® 
we find innumerable legions of heaths and Protecp, which include many shrubs remarkable 
I’or their graceful and delicate forms, adorning the otherwise barren soil of either climate. 
But in all the places we have visited, and above all on the western side of New Holland, 
we do not find, in the great masses of vegetation, either the majesty of the virgin forests 
of the New World, or the variety and elegance of those of Asia, Or the delicacy and 
freshness of the woods of our temperate countries of Europe. The vegetation is gene- 
rally gloomy and sad. It has the aspect of our evergreens or heaths. The plants are for 
the most part woody : the leaves of nearly all are linear, lanceolated, small, coriaceous, 
and spinescent. This contexture of vegetable productions is the eflfect of the aridity of 
the soil and the dryness of the climate. It is without doubt to these same causes that the 
rarity of cryptogamous and herbaceous plants is owing. The grasses, which elsewhere 
are generally soft and flexible, participate in the stiffness of the other vegetables. The 
greater part of the plants of New Holland belong to new genera ; and those included in 
the genera already known are of new sjiecies.” Analogy, with still stronger diversity, 
murks the vegetation of most contrasted districts at some considerable distance from each 
other ; but the analogy is striking b<itween the flora of contiguous countries, not divided 
by arid deserts or high mountain chains. Thus England does not possess fifty species of 
plants which are not found in France; and the opposite shores of the Mediterranean have 
a kindred flora. On the other hand, there are scarcely any species to be met with in 
Senegal that are common to the north coast of Africa, the Great Desert dividing the two 
regions; and Mr. Darwin, upon crossing the Andes of Chili, was struck with the marked 
difference of the vegetation in the valleys on each side, though the climate, as well as the 
kind of soil, was nearly the same, and the difierence of longitude very trifling. 

The preceding facts are obviously fatal to the Linnman hypothesis respecting vegetable 
distribution — that the originals of all the species of plants had their primary habitation 
in one spot, from which central region they have been diffused by natural agencies over 
the face of the globe. In order to provide that diversity of climate necessary to support 
ill the same place arctic and tropical forms, Linnams imagined the common birthplace of 
plants to have been a high inountuin tract in a warm region, the various necessary tem- 
peratures being found at difl'erent heights from the base to the summit. This has been 
justly culled a scheme more allied to j>oetry or fiction than to a serious investigation of 
the phenomena of nature, 'flic ascertained condition of the vegetable kingdom is utterly 
irreconcilable with it. A .second theory rejects the idea of a local centre, and places the 
original distribution of plants under the government of soil and climate: but this is 
scarcely more tenable than the former hypothesis, on account of totally different genera 
and species tK'curring under tlie same physical conditions. A third theory is an expan- 
sion of the Lintuean. It rectignises every species or tribe as emanating from a primitive 
centre, each centre being the seat (»f a certain number of species, these primary habi- 
tations being in different parts of the earth. This hypothesis is most in harmony with 
facts. It accounts for the different botanical regions into which the surface of the earth 
may be mapped out; for the diversities of species under the same parallels of latitude; 
while the natural transporting agencies of Linnanis remain in full force, to disperse each 
.species to a distance from its primal .seat, and to intermingle the floras of different dis- 
tricts, not separated by insurmountable physical barriers to migration. Dr. Prichard, 
after examining the subject witli great research and care, thus slates the conclusion: — 
“ It appears, then, that the phenomena connected with the distribution of plants are only 
reconcilable with one hypothesis, or rather they lead us clearly to one inference, namely, 
that the vegetable creation was originally divided into a limited number of provinces. 
Each country had its particular tribes, which at* first existed not elsewhere. This conclu- 
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sion results most distinctly from the ji^eneral difterence in the species helonginj? to each 
of the great continents — a dilforence never called in question in respect to the principal 
masses of vegetation — and the great aggregate number of plants which, by their situ- 
ation at a distance from sea-coasts, and by the nature of their seeds, are removed from the 
chances of transportation ; and secondly, from tlie arrangement of’ gregarious plants round 
some particular foci, the individual species being spread out in various directions with 
reference to the central points/* 

In relation to the plants which arc diffused through different botanical regions, we shall 
perliaps see reason to believe that they are not indigenous in all of them, but that each 
has been dispersed from its original seat, by briefly adverting to the natuml provision 
made to effect the diffusion. This includes the agency of air, water, animals, and man. 

The seeds of many plants are furnished with dowmy appendages or winglets, by which, 
under the control of the winds, they are borne to a distance from their birth-place ; and 
where the breezes are permanent in one direction, as in the case of the trade-winds, their 
transportation to a far remote site may obviously transpire. The minute and almost 
impalpable sporules of the cryptogamic species, light as the finest powder, answering to 
the seeds of other plants, are most completely susceptible of atmospheric impulsion ; and 
it is exactly this species that we find most extensively spread. De Candolle found two 
species of lichen on the south-west const of Bretagne, which had never been met with in 
France before — the Sticia crocata and the Physvia flaviv.am of «Tanmica, wdiich ho sup- 
posed had been brought from that island by the south-west winds. Linnieus records the 
striking case of the Krigeron canademe^ or flea-bane, which, aft(T being brought from 
Canada, and introduced into the botanical gardens at Paris in the course of a century spread 
itself over all France, Italy, Sicily, Belgium, and Gennany, the wind scattering the seeds. 
“ The brow n linn(‘t, when feeding on thistle-8(‘(*d, }>erehe8 on the top of the weeds, and 
tears the downy head asunder, in order to reach the seeds which arc attached to the 
receptacle. During this act, many of the grains, being loosimed, arc borne away on their 
downy wings by the breeze to places fur distant from the parent steni — the bird being in 
this case the indirect disseminator of the thistle. Were, the head not torn asunder in this 
manner, ten to one but it would become soaked with the rains of winter, and fall down 
only a few inches from the original stalk, instead of being transported, as it often is, 
across many miles of country. Wliat is her^^ inentioned of the linnet may be witness(‘.d 
in any thistlery, during .some fine day in Septcmiber, when the birds are feeding in flocks, 
and scattering the dow n in every direction. The greater part of the se-cds is no doubt 
devoured by them, but a number also escape, a fact which the bird is well aware of, as it 
frequently gives chas(! to the stray ones as they are borne away by the wind.** Even 
seeds which are comjmrativcrly lieavy, and not furnished with wings, or downy a])- 
pendages, arc easily uplifted by the stronger acTinl currents, and eompelled to take a 
journey of several leagues by llie rush of the tcnqiest. Such storms as the hurricanes 
that are common in tropical r(*gions, w'hi<‘h move at the rate of from fifty to a iiundred 
miles an hour, overturning buildings, and w'rcn<*hing up the largest trees, and conveying 
heavy fragments to a considerable distance, are, potent agents in tin; dispfTsion of plants, 
introducing the seeds of those that are peculiar to one island into another, hearing them 
across wide arms of the sea, and assimilating the vegetation of opj>osite, shores. 

The agency of w’ater is another active and influential caus<j in the dissemination of 
plants. “ The mountain stream or torrent,” observes Keith, an nhh^ w riter on botany, 
“ w^ashes down to the valley the seeds which may accidentally fall into it, or which it 
may happen to sweep from its banks when it suddenly overflows them. The broad and 
majestic river, winding along the extensive plain, and traversing the continents of the 
world, conveys to the distance of many hundreds of miles the weds that may have vege- 
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tated at its source. Thus the southern shores of the Baltic are visited by seeds which 
grew in the interior of Germany, and the western shores of the Atlantic by seeds that 
have been generated in the interior of America.” The seeds of several terrestrial species 
are enveloped with a mucous matter, by which they are preserved for a long time from 
the injurious influence of the ocean, or some other peculiarity of structure or accidental 
circumstance aflbrds protection, so that they are capable of germinating after a lengthened 
immersion in the briny deep. The fruit of the cashew-nut, Anacardium occidentaley 
which grows in Jamaica, has been drifted by the gulf stream across the Atlantic to the 
western coast of Scotland, in such a condition as to have been capable of re-production in 
a favourable soil and climate. By the same current the LenHcula marinay or sargasso, 
a bean common to the same locality, arrives at the Orkney Islands and the coast of 
Ireland ; and an instance is recorded of the GuUandina Bonducy or nicker tree, one of the 
tribe of Leguminoncy having been raised from a seed which had accomplished the Atlantic 
passage. In a collection of plants gathered from the neighbourhood of the river Zaire, 
on the west coast of Africa, about 6° soutli latitude, Mr. Brown found thirteen species 
that are met witli on the opposite shores of Guiana and Brazil. These species were only 
found towards the lower part of the river, where they bear but a small proportion to the 
whole vegetation ; and, as they were chiefly such as produce seeds capable of retaining 
their vitality during a long immersion in the waters of the ocean, it was inferred from 
these circumstances, that they had been drifted in tlic intertropical seas from a Trans- 
Atlantic to an African site. 

Animals, of various tribes, contribute to the dissemination of vegetable productions. 
Nature has expressly provided the seeds of several kinds of plants with an apparatus of 
barbs and hooks for catching hold of the wool and hair of quadrupeds, and the feathers of 
birds, in whose locomotion they participate. Fifty genera thus constituted are enume- 
rated by Linnmus, among which the burdock, teasel, and woodruff are obvious examples ; 
and such seeJs are widely dispersed by animals of the sheep and goat kinds, with the ox, 
horse, camel, deer, and buffalo, which at certain seasons are prone to rub themselves 
against the trees and shrubs. “ A deer,” observes Mr. Lyell, “ has strayed from the 
herd when browsing on some rich pasture, when he is suddenly alarmed by the approach 
of his foe. He instantly plunges through many a thicket, and swims through many a 
river and lake. The seeds of the herbs and shrubs adhere to his smoking flanks, and are 
washed off again by the streams. The thorny spray is torn off, and fixes itself in his 
hairy coat, uqtil brush<*d off again in other thickets and copses. Even on the spot where 
the victim is devoured, many of the seeds which he had swallowed immediately before the 
pursuit may bt» left on the ground uninjured.” Some naturalists have deemed the latter 
statement questionable, supposing that seeds and fruit cannot esca|:)e being comminuted ; 
and destroyed in their passage through the stomach ; but a variety of well-attested facts j 
proves the contrary, of w'hich tin* sagacious rook is aware, and hence haunts the exuviae 
of animals. Linna*us observes, that to many it seems extraordinary, and something of a 
prodigy, that when a field is well tilled, and sown with the best wheat, it frequently 
produces darnel, or the wild oat, especially if it be manured with new dung ; they do not 
[consider that the fertility of the smaller seeds is not destroyed in the ventricles of animals, 
lirds esf>eeially, as the linnet, blackbird, and thrush, after feeding too rapaciously upon 
bi^rries, ore known to part witli them in an undigested state. It is not for the kernel or 
seed that birds swallow the haw and the elderberry, but for their pulp ; and many have 
their organs so constructed that the stone is ejected without injury. The seeds of the 
misletoe and juniper, it is well known, are thus dispersed and planted by birds; and 
acorns taken from tlie stomach of wood-pigeons have so far preserved their vitality as to 
spring up into healthy saplings, upon being sow n, ei}ual to the oaks grown in the usual 
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way. The soft covering of the nutmeg, known to us by the name of mace, affords a 
favourite repast at certain seasons to some species of the arboreal pigeons of the Indian 
archipelago. The nutmeg itself, wliich is generally swallowed with the whole of its 
pulpy covering, passes uninjured through the digestive organs of the bird, and is thus 
dispersed throughout the group of the Moluccas, and the adjacent islands. An example 
of a different way in which animals contribute to the dispersion of plants, may be taken 
from the habits of the common squirrel, led by instinct to lay up a store of food for the 
winter, as is the case with several other species. In the woods belonging to the Duke of 
Beaufort, near Troy House, Monmouthshire, a squirrel was observed sitting very com- 
posedly upon the ground. In u few seconds he darted like an arrow to the top of a tree, 
and brought down an acorn, which was carefully deposited in the ground. The same 
process was repeated several times, the different acorns being laid up in different holes. 
We may suppose the place of deposition, in the case of some, to escape the memory of 
the little animal, upon the return of winter, which germinate, and ultimately supply the 
place of the parent tree. 

The three agencies noticed compose a machinery competent to effect the wide dissemi- 
nation of plants, nor is it extravagant to suppose their combined action resulting in an 
intermingling of the productions of far distant botanical habitations. Tracing the operation 
of the causes in connection, Mr. Lyell imagines a tempestuous wind, after bearing the 
seeds of a plant many miles through the air, delivering them up to the ocean. Its 
currents then may drift them to the shore of some remote continent, where, upon the fall 
of the tide, they are dejiosited ; and finally, some of the land-birds may thence convey 
them over hill and dale to their retreat, where, from their exuvice they germinate, and 
clothe the spot with a new vegetation. To the preceding causes of dispersion we have 
now to add the agency of man, who by design, and involuntarily, lias largely contributed to 
the diffusion of vegetable productions. 

For the purposes of food, luxury, ornament, and use in the arts of life, an immense 
number of plants have been transported by the human race in their migration to climates, 
soils, and situations, where they arc not indigenous. The cereal vegetables, so important 
to our sustenance, are importations into Europe, and have from thence been taken by its 
inhabitants to various parts of the globe which they have colonised. The native country 
of these grasses has escaped remembrance, and can nevin* now be ascertained, though 
Bruce states that he found the oat wild in Abyssinia, while other travellers have nitai- 
tioned barley as growing wild on the banks of the Seinara in Tartary, and wheat in hilly 
situations in the East Indies. But whether these valuable grains came originally from 
those countries, and when and how they migrated, are jioints eijually unknown. The 
New World received them from the Old at the hands of the Spaniards. One of the 
servants of Cortes found among the rice which served to support his troops three or four 
grains of wheat, which W'ere sown in Mexico, probably, about the year 15d0. The 
name of the person who carried the first grains U) Lima has been jireserved — a Spanish 
lady, Maria d’ Escobar. Upon being sown, their product; was distributt;d for three years 
among the colonists, each receiving tw<;nty or thirty seeds. At Quito, the first EurojHjan 
corn was sown near the convent of St. Francis, by Father Jose Kixi, a native of Flanders; 
and the monks still show, as a precious relic, tlie earthen vessel in which the original 
wheat came there. “ Why,” asks Humboldt, ** have not men preserved evtTy where the 
names of those who, in place of ravaging the earth, have enriched it with fdants useful to 
the human race?” In return, the Old World has received the [Kitato from the New, which 
found its way to England from North America ; but previously it had been brought to 
Spain from the southern part of the continent, where Humboldt searched in vain to 
discover it in a wild condition, and declares its native country to be unknown. Tlie 
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edible potato has, however, since his researches, been found wild in the neighbourhood 
of Valparaiso, and Mr. Darwin met with it on the islands of the Chonos Archipelago, off 
the coast of Chili. “ The tallest plant,” he remarks, “ was four feet in height. The 
tubers were generally small, but 1 found one, of an oval shape, two inches in diameter ; 
they resembled in every respect, and had the same smell as English potatoes ; but when 
boiled they shrunk much, and were watery and insipid, but without any bitter taste. 
Tliey are undoubtedly here indigenous ; they grow as far south, according to Mr. Low, 
as lat. 50°, and are called Aquinas by the wild Indians of that part; the Chilotan 
Indians have a different name for them. Professor Henslow, who has examined the 
dried specimens which I brought home, says that they are the same with those described 
by Mr. Subim; from Valparaiso, but that they form a variety which by some botanists 
has been considered ns specifically distinct. It is remarkable that the same plant should 
b(^ found on the sterile, mountains of central Chili, where a drop of rain does not fall for 
moni than six months, and within the damp forests of these southern islands.” The 
vine, Vitis vhifrra, now naturalise<l in Europe, does not belong to it, but occurs in a 
wild state, on the coasts of the Caspian Sea, in Armenia, and in Caramania. The Greeks 
received it from Asia, the liomans from the (Greeks, who planted it upon the banks of 
the Rhine, and introduced it into England. Previous to the Roman Conquest, it is 
probable that the native Rritons possessed no other fruits than the crab, the sloe, the 
hazel-nut, and th(! acorn ; hut th(5 vegetable productions with which that peo[)le were 
enricIuHl by their Asiatic conquests, gradually found their way into Western and Northern 
Europe, wdth the extension of the Roman Empire. 

'file plains of Sj)ain and the south of France received the olive from Tuscany, to 
which it vninv from Greece, where it grow's spontaneously, covering the beautiful plain of 
Atln'iis as seen from Mt>untllymettus,bui its parent spot is farther eastward. Accord- 
ing to Sickler, a laborious writer on the history of cultivated vegetables, the Romans 
lerived the lig from Syria, tlu^ orange from Media, the peach from Persia, tlie apricot 
from Epirus, the pomc'granate from Africa, the ])lum, the cherry, the apple, and the j)ear 
fnmi Armenia; but Epirus n'ceived the aprieot from P<Tsia, where it bears the ligurative 
name of “ tlie seed ol’ the sun and probably it came thither from a southern region. A 
cherry-tree laden with fruit avlonied tlie triumph of Lueiillus, who brought it to Rome as 
a memorial of his triumph over Mithridates, in whose province of Pontus he had found 
the tree; and Pliny states, that “in h*ss than one hundred and tw'enty years afterwards, 
other lands hud cherries, <‘ven as far as Rritain beyond the ocean.” There is, how'ever, 
a species of w ild cherry, sui)posed to be indigenous to France and other parts of Europe. 
In all probability, most of our eommon fruits are standing memorials of Roman domi- 
nation in the island. In like manner, the mad enterprise of the crusades contributed to 
the tranvsport westward of the eastern vegetable treasures, the monks and ecclesiastics 
being diligent patrons of horticulture in the middle ages. Thus a variety of the plum, 
the damson, or tlamasceiie, as its name imports, was brought from Damascus during the 
crusades. The damask rose came likewise from the same place, along wdth the narrow- 
leaved elm from the Holy Land. The conquests of the caliphs also w ere attended with 
the same result, the lemon migrating after them to the foot of the Pyrenees, though 
originally confined to India beyond the Ganges, where it now grows naturally. Culture 
has exerted a marked influence upon many of these plants, for which it is impossible to 
account, changing to some extent the form of their leaves, the habits of the trees, and 
the qualities of their fruits. The cultivated peach becomes one of the most delicious of 
fruits, but in its wild state in Medina it is poisonous, so that the Persians are said to 
have sent it into Egypt with the design of poisoning the inhabitants. There is a species 
of apricot in Barbary, called Matza Franca, or the killer of Christians, which becomes 
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innocuous when tended by the skill and industry of man. Upon herbaceous and 
dowering plants, the influence of cultivation is not less conspicuous. Diiferent kinds of 
cabbage — savoy, broccoli, and cauliflower, — are supposed to be derived from a plant whicli 
is sometimes found growing wild on our coasts, the Brassica oleracea ; the clove, pink, ami 
the carnation, are varieties of a flower found among tlie ruins of some of our old castles, 
the Dianthus Caryophyllus ; and the polyanthus is probably u derivation from the wild 
primrose. It is observed, however, that the primitive structure of plants never changes, 
however cultivated and far transported. The potato grown in Chili at the lieight of 
twelve thousand feet above the level of the sea is identical w ith the potato of Sib(*ria. 

Involuntarily, man contributes largely to the propagation and dispersion of plants, 
some of wdiich are useless to him, or positively noxious. Their seeds iHTome mixed 
with the bales of merchandise which he transports, and with tlie ballast of ships, and are 
thus conveyed to a distance from their place of growth, accidental circumstances leading 
to their germination, l)e Candolle states, that at the gate of Montpellier there, is a 
meadow set ai)art for the purpose of drying foreign wool after it has been washed ; and 
that scarcely a year passes without some 1‘oreign plants being found naturalised in this 
drying ground, as Cmtanrea parviflora^ Psornlea paUrstumy and Hypericum erispum. 
There is a remarkable instance in South America of‘ a Kiiropean plant, which was pro- 
bably introduced by accident, soon aft<‘r the first colonists of‘ La Plata landed in the year 
1535, which has now taken such entin? j)oss(‘.ssion of a large district, as to have ol)li- 
terated nearly the whole of the spontaneous vegetation. 'I'his is a species of thisth*, 
Cynara Carduncutus, ov cardoon, of the artichoke; kind. In the Ihinda Orituital, remarks 
Mr. Darwin, “ very many, ])robably several hundn'd scpiare mih‘s, are coven'd by one 
mass of these prickly plants, and are im])cm‘trabl(‘ by man or beast. Over the undu- 
lating plains, W'here these great beds occur, nothing else can now live. Ihdbre their 
introduction, how'ever, the surface must have support<nl, as in other parts, a rank 
herbage. I doubt whether there is any case on r(*cord of an invasion on so grand a H(?uh* 
of one plant over the aborigines.'* Mr. Hinds is tempted to impure, from its rifeness 
and luxuriance, whether jilaiits may not find a situation more favourable to their exist- 
ence than that in which Nature has placed them, — a (piestion which the exc.essive 
development of this stranger, as well as that of 7W////W pyriferum at Tahiti, a sja^cies 
of exotic guava, would seeiu to re(|uire an aflirmative answer. I'lie cardoon must not be 
confounded with the giant thistle of the i*ampas, so viviflly described by Captain Head, 
from which it is essentially different. Fennel, anoth(*r importation from Kuroj»e, has 
widely spread itself in the same region, covering the. bunks of the ditcluis in the 
neighbourhood of Buenos Ayres and Monte Video. In like manner, the common 
English nettle speedily grew uj) in New England after the first colonists settled in tlm 
di.strict. 

When we consider the condition of the vegetable kingdom, and tlie operation of tlie 
preceding agencies, it is impossible to resist tin; conclusion, that different s|>c(rics of 
plants were originally planted by the Creator at several foci (»n the surface* <»f the earth, 
many of which have been subsecpiently wddely diffused by the causes eniinierated. Jt 
has, indeed, been thought, that the occurrence of cryptogamous plants in mines and deep 
excavations of the earth, presents a case which cannot be explaine<l by any known 
method of dispersion, and which seems to favour the doctrine of e(juiv(K*al production. 
But some striking facts deserve noti<!e, which are calculated to remove the difficulty, by 
establishing an extensive diffusion of seeds through the soil of the earth, in some 
instances at a considerable depth, which past geological catastrophcH have imbedded, and 
which preserve their vitality, so as to germinate upon any accidental exposure to the 
action of the atmosphere. Dr. Prichard gives the following example, upon the authority 
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of Professor Graham, of the University of Edinburgh. Previous to the year 1715, no 
broom grew in the king^s park at Stirling ; but in that year a camp was formed there, 
and the surface of the ground consequently was broken in many places. Wherever it was 
broken, broom sprang up. The plant was subsequently destroyed ; but in 1745, a 
similar growth appeared after the ground had been again broken for a like purpose. 
Some time afterwards the park was ploughed up, and the broom became generally spread 
over it. Some years ago a gentleman planted a garden in Stirlingshire, and as he was 
about to make a bleaching ground in the neighbourhood, he took from six to nine inches 
of soil off the surface of the field intended for the purpose, and carried it into his garden, 
afterwards sowing the field with grass seeds. In the field thus uncovered, seedling 
broom appeared as thick as the grass which had been sown. Professor Graham con- 
cludes, that the seeds could not in either case have been supplied by the wind : first, 
because they are heavy, round, and without wings ; and, secondly, because all the broom 
seed in the district could not have produced such crops as sprung up. The form of the 
ground is also such, that no stream of water could have transported them. The seeds 
must have been in the soil, how long and how imbedded cannot be conjectured. The 
case is still more striking in the United States, of soil turned up from the depth of many 
feet immediately yielding a crop of white clover. The occurrence of seeds thus buried 
in the soil of the earth, may explain the appearance of cryptogamous plants in mines in 
situations peculiarly inaccessible to the ordinary agents of dispersion ; while the growth 
of wheat from grains found in the sepulchres of the Egyptian kings, after an entombment 
certainly of from three to four thousand years, sufficiently attests the tenacity with which 
enclosed seeds retain their vitality. 

The adaptation of external nature to the wants of man is finely displayed by the vege- 
table tribes with which the earth is replenished, which minister in a thousand ways to his 
existence, health, convenience, and refinement. The reproductive power of some species, 
especially of the more useful kind, is an obvious instance of bountiful design : but, not- 
withstanding the evidence of it which the experience of the human race has already 
acquired, we are far from having had the limit of the prolific quality developed. The 
orange displays an extraordinary fecundity. A single tree at St. Michael’s has been 
known to bear 20,000 oranges in a season fit for exportation, those damaged and defective 
amounting to at least one third more. The tea, sugar, and potato plants, yielding pro- 
ducts which arc necessaries of life to the cultivated nations, are additional examples, with 
the common grasses which clothe the hills and valleys with their refreshing green, form- 
ing the pastures upon which innumerable fiocks and herds graze by day and repose at 
night. A single potato from the crop of 1844 was cut into twenty-eight sets, which have 
yielded a produce of sixty-eight pounds’ weight during the present year. In the harvest 
of 1840, a Cambridge agriculturist gathered from one of his fields some very fine ears of 
wheat, the proceeds of which filled a common wine glass. This was planted the following 
autumn, and produced a peck of grain, which was again planted November 3. 1841, and 
yielded rather more than seven bushels. Upon this being sown November 3. 1842, the 
yield amounted to upwards of 108 bushels, which, being returned to the soil in the 
autumn of 1843, produced 1868 bushels. In some of the more fertile parts of the table- 
land of Mexico the common return of the w-heat harvest is from thirty-five to forty grains 
for one, and it frequently exceeds from seventy to eighty for one. It is not undeserving 
of notice, that the vegetable productions upon which the sustenance of man mainly 
depends, have the flavour of their fruits accommodated to his taste, being apart from the 
pungent and the insipid, so that a sufficient quantity may be consumed without annoy- 
ance or disgust. Yet, as if to accomplish the law of Providence to the human creature, — 
•‘In the sweat of thy brow shalt thou eat bread,”-— the cereal and leguminous tribes. 
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which furnish him with the staff of life, demand cultivation in order to be prolific and 
nutritive; while the chief vegetable support of animals — the permanently green grasses 
— flourish without industry or skill. 


CHAPTER XVIII. 

THE DISTRinUTlON OP ANIMALS. 

HAT department of animated nature upon a view of 
which we now enter, presimts to our attention the 
same wide diffusion of its objects, variety of or- 
ganisms, and gradual advance from the most simple 
to the more perfect and miyestic forms, together 
with a precise adaptation to different external cir- 
cumstances, which characterises the productions of 
the vegetable world. The high ice-clad mountains, 
the level and parched deserts, together with the 
** deep unfathomed caves of ocean,” have their re* 
spective animal tribes ; while the bowels of the earth 
are not devoid of locomotive tenants, as in the case 
of the caverns of Camiola, where the Proteus 
guinus sustains existence in the perpetual darkness, 
writhing and languishing upon any transition to the 
realms of day without some protection from the light. 
The study of animals, as evidenced by the extant 
records of observation, commenced with Aristotle, 
although it formed an accomplishment of the wise 
I Jewish king to speak not only “ of the trees, from the cedar of Lebanon even to the 
hyssop which springeth out of the wall, "but also “ of beasts, and of fowl, and of creeping 
things, and of fishes.” But from the time of the celebrated Greek, the science of zoology 
made little progress, till our countryman Ray addressed himself to a methodical arrange- 
ment of animals, founded upon their difference of structure, and originated a system 
I which Linnaeus expanded and improved, and left for Cuvier to re-arrange and perfect 
i The more recent results obtained, liave chiefly been an extension of the sphere of vitality 
by Ehrenberg’s brilliant discoveries on the demeanour of minute life in the ocean, which 
j ; have opened to our knowledge a thickly-peopled world of microscopical living atoms in 
I the oceanic abyss, some of which iiave but the estimated diameter of one three thousandth 
I of a line. It is difficult for a thoughtful mind to decide, whether admiration is more 
I deservedly challenged by the vast or the minute forms of living existence around us ; 

I but the adaptation of both to fulfil the purposes of their being, and the varieties which 

I intervene between the two extremes, cannot be carefully observed, without a conception 

! ! the most exalted of the fertility of the Creating Mind, and the richness of the Creation, 
j j Evident as was the fact to Lucretius, it is still more open to our own observation; — 

j ** Thus nature varies : man, and brutal besst, 

I And herbage gay, and scaly fishes mute, 

j And all the tribes of hearen, o’er nuiny a sea, 

I Tlirough many a grove that wing, or urge their song 
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Near many a bank or fountain, lake or rill ; 
Rearch where thou wilt, each differs in his kind, 
In form, in figure, differs.** 


In cursorily surveying the distinctive characters of the animal races, it is usual to follow 
the series ascending from the lower to the higher organisations. 

The class of Zoophytes^ or plant animals, may be regarded as forming the first link in 
the chain of animal life. It includes several families whose members in general are 

aggregated in a common living mass, us the 
buds of a dicotyledonous tree are united 
to the stems. This is the case with the 
tribes of polypi, which have their special 
habitation in the equatorial seas, and there 
construct the coral reefs and islands. In 
the Infusoria^ or animalcula, chiefly found 
in stagnant fresh water filled with vegeta- 
ble matter, and in common sea-water, a 
real individual existence is developed, but 
so exceedingly minute as to be seldom 
capable of being traced except with the 
aid of a microscope. The brown -coloured 
fine dust, so often noticed in the Atlantic, 
which has fallen in such quantities upon 
vessels as to soil every thing on board, and even cause them to run ashore through 
the obscurity of the atmosphere, consists principally of Infusoria. Some of the species 
multiply at a prodigious rate ; for Ehrenberg calculated that, in twenty days, a single 
individual may ineniase to a million. In the class of MoUusca^ whether naked or 
testaceous, that is, furnished with a shelly covering more or less thick and entire — as in 
the case of the oyster, lobster, and crab — a well-defined individual existence appears. 
This order is very extensively diffused ; but several species are exclusively confined to 
particular seas, the pearl-oyster only arriving at perfection in the equatorial ocean. The 
Indian and the Mediterranean sens are the chosen haunts of the JHnna marina^ whose 
fllainonts rival in appearance the most glossy silks. Difterent kinds of shells are found 
on the shores of South America and New Holland ; also in each of these districts with a 
change of latitude ; and the tnipieal forms are distinct from those of extra-tropical situ- 
ations. The natural distribution has, how'ever, been inteHered with by accidental causes; 
for many molliiscie, adhering to the bottoms of ships, have been transported to foreign 
parts of the <K’ean, which have become peopled with new species. Thus the shelly ship- 
worm, Teredo naralis, so peculiarly destructive to vessels, boring with ease and rapidity 
into the stoutest oak planks, has in this way been conveyed to the waters of Australia. 
Some unknown cause brought great numbers in the years 1731 and 1732 to the banks of 
Zealand, and excited the fears of the Dutch for their piles ; but they departed without 
doing much mischief, jirobahly to st'ck a warmer temperature. 

A further advance in ascending the scale of animal existence brings us to the Insect 
tribes, some of which are extensively disseminated ; as gnats, bees, and flies. The thistle- 
butterfly, /a belle dame^ is common in Sweden, throughout midland and southern Europe., 
and found also at the Cajie of (iuni Hope. Others, as Prichard observes, are especially 
limited in the sphere of their existence by the presence of particular plants, which aflbrd 
them habitation and sustenance ; and in general, where countries are separated by great 
distances, though their temperature and soil are the same, the insects inhabiting them are 
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of difftrent species. Those occupying the eastern parts of Asia arc distinct from those 

met with in Europe and Africa under the same parallels of latitude ; and a siurdur difl'or- 
encc is observable upon comparing the entomology of tlio old and the new eontim uts, 
though both have species in common, while Australia presents forms jieculiar to its»*lf. 
It is ill the torrid zone of the earth, where the air is liuniid and tlie vegetation rank, tluit 
we have the most intense, splendid, and at the same time annoying, devel( 4 )inent of insect 
life. By day, in countless numbers, and adorned with tlie richest etdmirs, buttertlies 
sport in the sunbeams; and by night the tropical forests are illuminated by the green 
light of myriads of fire-flies — a family which includes the gh>w-wonn of our climate, 
most brilliant when disturbed and irritated — which give to the woods the appenranee of 
natural Vauxhall. “It is snowing butterflies!” was the remark of a seaniun of the 
Beagle when oft‘ the coast of Soutli America ; for flocks consisting of many myriads 
extended as far as the eye could range ; nor, with the help of a telescope, could a space 
be discovered free from their presence. As the atmosjdiere was pi*rleetly calm, they had 
evidently left the shore upon a voluntary excursion. But in these countries several of 
the insect races are a source of severe suffering to the human inhabitants, on account of 
their venomous qualities, their immense swarms, the pertinacity with which they assail 
the person of man, or their rapacity in consuming the fruits of the eartli. The spider of 
Guiana will even singly attack birds with success: and the termites, or white ants of 
India and Africa, will penetrate the beams of houses ; destroy timbers, chests, books, and 
clothing in a few hours ; or, by excavating beneath the dwellings of the inhabitants, 
render them insecure. Tliough only about a quarter of an inch in length, they erect 
pyramids to the height of ten or twelve feet, sufficiently compact to sustain the weight of 
several men, dividing them into numerous apartments — far more wonilcrful works, in 
proportion to the size of the animal architect, tlian the pyramids of Kgypt. The inus- 
quitoes by day, succeeded a little before sunset by the temprancroes, and the zuneudoes 
by night, are, however, the most painful and unceasing scourge of man in the torrid zone 
of America. They are rarely found on the elevated table-lands, but in the valleys, as 
well as in most places along the coasts, the lower stratum of the atmosphere is fre<piently 
BO completely occupied by them to the height of twenty feet, as to assume the appearance 
of a dense cloud of vapour. It is a remarkable feature of their distribution, that while 
they avoid dry and unwooded situations, and chiefly haunt the bunks of rivers, they shun 
those streams whicli have what the Spaniards call black waters, ayuas iiegras^ or water 
of a yellowish-brown colour. Insect life is also rife in high latitudes, the heat of tlio 
short polar summer calling forth in the arctic region of (ireenlund and Lapland an army 
as innumerable as the heat of the equator, and of an analogous annoying speei<*8. 

Several of the insect races are eminently gregarious, associate in numbers utterly inap- 
preciable, and unitedly migrate under the influence of some casual j)ressure, the quest of 
food. Hence the vast armies of the eavStern locust, Grt/llus migratoriusy which from time 
immemorial have been regarded as an avenging scourge, stripping large te‘rritori(*H of 
every particle of verdure, and passing on in a dark and overwhelming eloiid to blast the 
expectations of the husbandman, whose fields are preparing for harvest. A Jewish 
imagination illustrates the havoc to be apprehended from the, aflvarice of a re(*kle»8 
oriental conqueror, by a reference to tlie disasters consequent upon an invasion of tliia 
insect tribe ; — 

** For a nation hath gone up on my iRnd, 

Who are strong and without numlK*r ; 

'fhey have destroyed my vine, and have made my fig-tree a broken branch, 

They have made it quite bare, and cast it away ; the branches thereof are made whito. 

The field i* laid waste ; the ground, the ground moumelli I 
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Kow do the bouts groon ! 

The herds of cattle are perplexed* because they have no pasture I 

The land is as the garden of Eden before them, and behind them a desolate wilderness !** 

Instances are numerous of extensive and dreadful devastations occasioned by the 
multiplication and migration of the individually feeble locust, St, Augustine mentions a 
famine in Africa, produced by the consumption of every green thing, during which 
upwards of half a million of human beings were cut off in the kingdom of Massanissa 
alone. In 677 Syria and Mesopotamia were overrun by these insects. In 852 immense 
swarms took their flight from the eastern regions into the west. They destroyed all 
vegetables, not sparing the bark of trees, or the thatch of houses, devouring the corn so 
rapidly, that, upon computation, a hundred and forty acres in a day perished. Their 
daily marches or distances of flight were regulated by leaders, who flew first, and settled 
on the spot which was to be visited afterwards by the whole legion. At length, the 
locusts were driven out to sea by the force of the wdnd, and died in its waters ; but being 
thrown back by the tide upon the shores, a pestilence was caused by the offensive smell 
from their remains. In 1271 all the corn-fields of Milan were destroyed ; and in 1339, 
all those of Lombardy. In 1541, an incredible host afflicted Poland, Wallachia, and the 
adjoining countries, darkening the sky with their numbers, and ravaging all the fruits of 
the earth. A species of locust, closely resembling the Gryllus migTatoriuB of the East, 
appears in South America, under analogous circumstances. “We observed,” says 
Mr. Darwin, speaking of the passage of the Cordillera of Chili, “ to the south a ragged 
cloud of a dark reddish-brown colour. At first, we thought that it was smoke from some 
great fire on the plains ; but we soon found that it was a swarm of locusts. They were 
flying northward ; and with the aid of a light breeze, they overtook us at a rate of ten or 
fifteen miles an hour. The main body filled the air from a height of twenty feet, to that, 
ai it appeared, of two or three thousand above the ground *, * and the sound of their 
wings was as the sound of chariots of many horses running to battle or rather I should 
say, like a strong breeze passing through the rigging of a ship. The sky, seen through 
the advanced guard, appeared like a mezzotinto engraving, but the main body was 
impervious to sight ; they were not, however, so thick together, but that they could 
escape a stick waved backwards and forwards. When they alighted they were more 
numerous than the leaves in the field, and the surface became reddish instead of being 
green ; the swarm having once alighted, the individuals flew from side to side in all 
directions. Locusts are not an uncommon pest in this country ; already, during this 
season, several smaller swarms had come up from the south, where, as apparently in all 
other parts of the world, they are bred in the deserts. The poor cottagers in vain 
attempted, by lighting fires, by shouts, and by waving branches, to avert the attack.” 
The force of the wind frequently occasions the involuntary migration of insects. When 
a strong gale blows towards the sea, and the shore is unprotected by trees, vast numbers 
are driven to a distance from their home, either to perish in the ocean, or to gain a settle- 
ment in some contiguous island or continental region. In this way, the dissemination of 
the insect races has, no doubt, been largely promoted. When the Creole frigate was 
lying in the outer roads of Buenos Ayres, in 1819, her decks and rigging were suddenly 
covered with myriads of flies and grains of sand, which the breeze had borne from the 
coast, and so disfigured were the newly painted sides of the vessel by the multitudes 
adhering to them, as to require a fresh coating. A remarkable instance of an insect at a 
distance from land was observed by the crew of the Beagle, off the coast of Africa, when 
a large grasshopper, Acrydium, flew on board, the nearest point of land being nearly four 
hundred miles distant. 

The class of Fishes offers many remarkable peculiarities to our notice ; and, perhaps, 
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this department of the animal kingdom presents greater variety of form, from the beau- 
tiful to the grotesque and monstrous, tlian any other. Some species, as the common pike 
of our rivers, attain an age surpassing that of tlie longest-lived land animals. The 
individual taken at Kaiserslautern in 1754, which was nineteen feet in length, had been 
put into the pond of that castle by order of Frederick the Second, with a ring iastened to 
the gill-covers, bearing the date of 1487, so that the fish was more than two centuries 
and a half old, at the time of the capture. Tliough low in the scale of existence, several 
varieties show a capacity for instruction, and have been trained to recognise their names, 
making their appearance when summoned by them. Lacc*pede mentions this fact, in 
relation to some fish, which, for more than a century, had been kept in the basin of the 
Tuillcries ; and in some parts of Germany, trout, carp, and tench have been taught to 
come for their food by the ringing of a bell. While some tribes are sluggish, and appi^ar 
to love repose, leading a meditative life in the waters, the herring rivals the swallow in 
activity and S{>eed, rushing through the deep at the rate of sixteen miles an hour. While 
many also seem perfectly defenceless, there are several species arm(‘d with formidable 
weapons, which are w'ieldcd with tremendous power, as the teeth of the shark, and the 
snout of the Xiphias or sword-fish. This latter inhabitant of the ocean is well known to 
have endangered an East Indiaman, by driving his long serrated snout through the hulk 
of the vessel, which might have foundered, but for the sword being driven with such 
force into the timbers of the ship that the fish could not, extricate it, so that no leak of 
any consequence ensued. A piece of the hulk, with a part of the fish’s sword imbedded 
in it, is now among the curiosities of the British Museum. Other tenants of the deep 
have the same singular property of emitting light while alive, which belongs to the torn 
and irregular particles of gelatinous matter with which the ocean is charged, their dead 
and dismembered relics, the common cause of the phosphorescence of the sea. Besides 
the bright green sparks with which the waves are observed scintillate, which are due 
to decomposing organic particles, or to minute living Crustacea, circular and oval patches, 
from two to four yards in diameter, with defined outlines, shining with a steady and pale 
light, are often remarked nn certain oceanic localities, indicating the presence of the sun 
or the moon-fish, which is so called from the object resdknbling a reflection of either of 
these luminaries in the water, though neither may be seen in the heavens. Some fishes 
display the curious power of shooting at the insects upon which they prey with a drop of 
water, thereby encumbering their wings, and bringing them within reach. The 
todon rostratus performs this feat with surprising accuracy, striking a fly winging its 
flight over the surface of the sea, or resting upon an aquatic plant at the distance of from 
three to six feet. But among the most striking of the finny tribe is the Exoccetm^ or 
flying-fish, which has the power of raising itself out of the water, and continuing sus- 
pended for a season in the air, beyond the reach of the pursuing dolphin, presenting one 
of the most interesting and novel spectacles which the tropics unfold to the eye of 
a stranger. 

No property of the inhabitants of the waters is more extraordinary, than that posst^ssed 
by various species, of inflicting an electrical shock so severe, as to pnxluce exhaustion 
and numbness of the nerves exposed to its action. The torpedo of the Mediterranean 
exhibits this wonderful power, which was well known to tlie ancients, and is often 
referred to in their writings. Thus Appian tells us, that the animal, conscious of his 
latent faculty, when caught by a hook, exerts it in such a manner, that passing along 
the line and rod, it benumbs the astonished fisherman, and suddenly reduces him to a 
state of helpless stupefaction 

** The book’d torpedo, with instinctive force, 

Calls all his magic from its secret source ; 
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Quick through the slender line and polish’d wand 
It darts ; and tingles in th’ ufTending hand. 

'rite palsied fisherman, in dumb surprise, 

Feels through his (Vame the chilling va|)ourK rise : 

Drops the lust rod, and seems, in stiffening pain, 

Some frost* fix’d wanderer on the polar plain.” 

Though this is an exaggerated picture, it is still true that an electric shock is equally 
inflicted by the torpedo, whether the fish is touched by the naked hand or by the 
medium of* a stick. The trembler, or the Sihtrus electricus of the African rivers, displays 
the same property, and yet more remarkably, the Gymnotus electricus^ found in the basins 
of stagnant water on the llanos of South America, and in the confluents of the Orinoco. 
Placing his two feet upon one of tlie gymnoti, or electrical eels, just taken out of the 
water, Humboldt received a shock mere violent and alarming than he ever experienced 
from the discharge of a large Leyden jar ; and for the rest of the day he felt an acute 
pain in his knees, and almost all his j(»ints. He gives a sjiirited account of the manner 
in which the animal is taken. On the 19th of March, at an early hour, he set off with 
Bonf)hind for the village of Rnstro de Abaxo, whence they were conducted by the 
natives to a stnaim, which in the dry season forms a pool of muddy water, surrounded by 
trees. It being very difHcult to catch the gymnoti with nets, on account of their 
extreme agility, it was re.solved to procure .some by intoxicating or benumbing them 
with the roots of certain plants, which wi»(*n thrown into the water produce that effect. 
At this juncture tluj Indians informed them that they would fish with horses, and soon 
brouglit from the savannah about thirty of these animals, which they drove into the pool. 
The result may be given in tlui words of the traveller : — 

“ 'riie (extraordinary noise caused by the horses’ hoofs makes the fishes issue from the 
mud, and excites them to combat. These yellowish and livid eels, resembling large 
aquatic snakes, swim at the surface of the. water, and crowd under the bellies of the 
horses and mules. The struggh^ b(‘tw(*en animuls of so iliff(T(.‘rit an organisation affords 
a very interesting siglit. 'J’he Indians, furnish(‘d with hur]) 0 ()ns and long slender reeds, 
closely surround the pool. Smne of them cliinh the tree.s, whose branches stretch 
liorizontully over the water. By their w ild cries and their long reeds, they prevent the 
horses from eoming to tlie edge of the ba.sin, ’Fhe eel.s, stuiiiu*d by the noise, defend 
themselves by repeated di.scharges of their electrical butterie.s, and for a long time .seem 
likely to obtain tlur victory. Several horses sink under tlie violence of the invisible blows 
wbieh they receive in the organs most essential to life, and, benumbed by the force and 
freijuency of the shocks, disappear IxMitnith the surface. Otliers, panting, 'with erect mane 
and haggard eyes expressive of anguish, rai.se themselves, and endeavour to escape from the 
storm w hich overtakes them, hut are driven back by the Indians. A few', however, succeed 
in eluding the aelivo vigilance of the fishers; they gain the shore, stumble at every step, 
and stn^tch themselves out on tlie sand, exhausted with fatigue, and having their limbs 
benumbed by the electric shocks oi' the gymnoti. In less than five minutes tw'o horses 
were killed. The eel, w hich is five feet long, presses itself against the belly of the horse, 
and makes a discharge along the whole extent of its electric organ. It attacks at once the 
heart, the viscera, and the eadiao plexus of the abdominal nerves. It is natural tliat the 
effect which a horse experiences should be more pow'erful than that produced by the same 
fish on man, >vhen he touches it only by one of the extremities. The horses are probably 
not killed, but only stunned ; they are drowmed from the impossibility of rising amid the 
prolonged struggle betWHH'ii the otlier horses and eels.” Some of the gymnoti, having 
expended their energy, were afterwards secured, and w’ere found to be from five to six 
feet in length, of a fine olive-gnH?n colour. They are objects of dread to the natives, and 
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their presence is considered to be the principal cause of the absence of fish in the pools of 
the Llanos. All the inhabitants of the waters avoid them, and it became neecssury to change 
the direction of a road near Uritico, in consequence of the number of mules lost in 
fording a river in which they were very numerous. It is supposed that they can 
communicate their electric shock through a thick mass of water, ami kill from a distance 
the prey they are anxious to devour. 

From the facts gathered with reference to fishes, it appears tlmt particular districts or 
basins of the ocean liavc tribes peculiar to them, distinct from tliose wliiidi inhabit even 
contiguous seas. Thus the species common to the Arabian Ciulf uri‘ said to ditfer 
entirely from thosfe of the M(‘diterranean, and according to MM. Seron ami L(‘seur, there 
is not a singh? animal of the soutliern regions which is not distinguished hy essential 
characters from the analogous species in the nortlu'rn seas. The fiying-lish are ehiefly 
intertropical, or, at the farthest, they arc ncvi r found heyond tlu* forliclh pnralhd of lati- 
tude, while the Atlantic species difier from tluisi* t)f the Piicilie. 'I'lie cod-fish, ditVused 
throughout the whole of the northern oci*aii hetween Kun>})e and Americji, ehielly haunt 
the great hanks of sand to tlie soiilli-east of Newfoimdlaml, where they exist in 
undiminished nuinhers owing to their astonishing fecundity, which makes up lor the liavoc 
occusiom‘d hy the extensive fisheries. Lejuiweidioek eounte<l more than nine millions «>r 
eggs in the ovary of a eiMl-tish ol' the middle siy.<‘. AVliile many spi-eies of fish appear 
never to depart from the sit(* of their birth, but live and die in the same spot, others 
periodically migrate to a vast <listanee for various purposes, and heeome the foial of 
nations in whose seas they an* strangers and foreigm rs. 'fids is tht‘ case with the. 
mackerel of the north of Kurope, the thinniy ol' the Mediterranean, the pilchard, and tinr 
lierring. The latter, so eminently important in a connm“rcial ]>oint ol’ view, derives its 
name from the German hetr^ an army, in allusion to the countless swarms that annually 
come up from the depths of the arctic sea, ami proceed to tin* western shon*s of Kurope, 
to the coasts of the United States, as well as to those of K.imsehatka, and the, iieighhour- 
ing islands. The herrings migrate to fiml food, and to deposit llieir spawn, forming shoals 
consisting of millions upon millions, s<‘V(‘ni] nnl(\s in limgth and widlii, and many futlioms 
in thickness. The water ripples before them as they advanie. The sea-birds hover over 
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them. A variety of splendid colours in bright weather indicates their presence at the 
surface of the sea, and a pale phosphoric light denotes the same in calm dark nights. 
This is caused by the oily substance thrown off by the fish, which is spread over their 
columns, and seems as if a dimly white napkin lay upon the deep. Some idea may be 
formed of the number of individuals in the herring shoals, from the fact mentioned by 
Lacepede, that the Norway fishermen capture four hundred millions in most years, and that 
at Gottenburgh and its vicinity seven hundred millions are annually taken ; but both these 
sums together are insignificant when compared with the gross amount captured by the 
other European nations. The migrations of several kinds of fish lead them out of their 
native element to wander over the land in quest of food, or of a more convenient habita- 
tion. Thus the common eel at night will forsake the water to traverse the meadows, 
feeding on the snails it finds in its passage; and when the pools become dry in seasons of 
drought, some of the Siluridan family quit their old residence, in search of another, from 
which the water has not be(^n evaporated. Upon the coast of Coromandel, a kind of perch, 
Perea scandens^ leaves its liquid home for the shore, and even climbs up the palm-trees 
in pursuit of the small crustaceans upon which it feeds — an enterprise to which its 
organisation is expressly adapted. In the West Indies and South America, the land 
crabs quit the. iiwuintains regularly once a year, inarch down to the sea-side in a body of 
some millions at a time, directing their inarch with the right-lined precision of the 
geormder, travellang chiefly iii the night, the object to be attained being the deposition of 
their spawn in the<ocean. 

It may be allowed here to notice those animals which are classed with the warm-blooded 
mammalia, yet whose residence is usually or exclusively marine, and whose forms are as 
characteristic of the fish as of the quadruped. Of these, the wdmle tribes, the narwal or sea- 
unicorn, the sea-horse, the phoca or sea-calf, and the dolphin, are the principal examples. 
The former gigantic animals occupy the high latitudes of the ocean, and are character- 
istically difterent in the north polar seas from their brethren in antarctic regions. 
Incessantly pursued by man, as aflording materials that are of liigh value in the arts of 
life, the common whah'.s have deserted their old haunts, and retired farther north, under 
the pressure of danger, to the protection ufiTorded by the perpetual ice. Notwithstanding 
their vast size, these leviathans of the deep dive with prodigious rapidity to the bottom of 
the soundless sea, and often in frolicsome gambols elevate tlie whole of their enormous 
mass ('ntirely out of the water with the exception of the tail-fins, falling down sideways 
with a iioist* resembling that of a distant broadside. Tlie seals, and other animals of the 
Phocce tribe, are widely diffused, but those which inhabit tlie waters of the north differ 
from the members of the same family which have their station in the southern seas, and vary 
in their habits from those found within the tropics, the tropical species being solitary 
individuals, while the polar associate in herds consisting of many thousands. It has been 
thought a difficulty by naturalists, that inland seas, like the Caspian and the Lake Aral, 
should have marine mammalia, the Phoctu vitulinoi or sea-calves, identical with those 
found in the Euxine and the Mediterranean; and to account for their appearance in those 
localities, the assistance of subterranean channels of communication betw^een them has 
been conjectured. But Mr. Lyell justly remarks, that as the occurrence of wolves and 
other noxious animals on l>oth sides of the British channel was adduced by Desmarest as 
one of many arguments to prove that England and France were once united, so the 
correspondence of the aquatic species of the inland seas of Asia with those of the Black 
Sea tends to confirm the hypothesis, for which there are abundance of independent 
geological data, that those seas were connected together by straits at no remote period of 
the earth’s history. To the same order of animals, the Manatus americanus and Halicore 
Dugong^ or sea-cow, belong ; the former abounding in the Orinoco, and the latter in 
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shallow inlets of the sea on the Malacca coast. Both species attain the h'njrih of ton or 
twelve feet^ and are herbivorous, browsing on the fuci and alga' found at tin* bottom of 
the waters, in much the same manner as the cow does upon the grass of tlie Hold. 

Among tellurian animals the class of JReptiks is the lowest grade. It iuoludes 
some of the most dangerous members of the animal kingdom, ns well ns the most revolting 
in their appearance. The tortoise, one of this family, occurs in abundance in tro|>ical 
situations, and sometimes strays into higher latitudes, either voluntarily, attrneUnl by 
a supply of food, or driven by the force of the tcmp(‘8t. Two instances are recorded 
of its appearance on the coast of Cornwall in the year 175(1, and one was taken from the 
Severn in 1774. In the lizard division of this class, the crocodile of the Nile, the cayman 
of South America, and the gavial of the (langes, are the giants, spccilically distinct, and 
differing also in their size and powers of destruction. 'J'he Nilotic cnKHxlile is the 
largest, sometimes attaining, when full grown, the length of thirty feet. Tlu‘se saurijins 
have their home in the tropical ])ool8 and rivers, occasionally visiting the shore in 
search of prey, or husk in the sunbeams; hut the South American specit^s, in calm 
weather, make excursions into the open sea, an important fact for 
the geologist to note, on account of the mingling of murine and 
fresh-water organic; remains observable in some of tin; more re- 
cent dej»osits. The gavial of the (lunges likewise sometimes de- 
scends Ik‘1ow the delta of tin; river into the Hay of Bengal, and it 
is not unlikely, that in such circumstances, the currents of the 
ocean may forbid a return, enforce migration to an opposite shore, 
which the animal may reach while alive, and thus contrihut(; to 
th(‘ difVusicm of the species. Malte Hrun states, that a crocodih; is 
still pr(‘serv(‘d at Lyons, that was tak(;n from the Bhone about 
two centuries ago, having accomi)lisln*d the passage of the sea from 
the African const. Of the geniTa of K(‘r]>ents of the jioisonous 
kind, America has the rattle-snake, Asiji tin; hooded snake or vahro 
<U rapcl/o^ ami Africa the horned snake or (krfifirs^ th(‘ latt(‘r pro- 
bably the asp, wliich the bcniitifnl, voluptuous, and disappointed 
Cleopatra selected as the instrument of her death. 'J'hese are 
chiefly tropical, and in general it will lx; found correct, that as we 
]»roeeed from (he equator towards tin* poh s, serpents diminish in 
number and magnitude, as wtdl as become ef)m- 
parativcly innocuous. I'liere an; three species of 
snakes common in England, one of which, the 
viper, is vemomous ; and it is somewhat re- 
nuirkahle, that none of tliese, nor the toad, 
are found in Ireland, for whieli, ac- 
cording to a Homish legend, that country 
is indebted to the 
exorcising powers 
of St. Patrick. The 
largest of the ser- 
pent tribe,, the 
occidental boa 
and the orien- 
tal pythus, sometimes 
exceed thirty feet in 
length, destroying the 
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great quadrupeds by the force with which they coil around their bodies. A singular cir- 
cumstance is recorded of the transportation of one of these monstrous creatures alive to the 
island of St. Vincent, which illustrates the occasional influence of the oceanic currents in 
disseminating the animal tribes. “ A noble specimen,” says the Rev. L. Guilding, ‘‘of the 
boa constrictor was lately conveyed to us by the currents, twisted round th(i trunk of a 
largo sound cedar tree, which had probably been washed out of the bank by the floods of 
some great South American river, while its huge folds hung on the branches, as it waited 
for its prey. The monster was fortunately destroyed after killing a few sheep, and his 
skeleton now hangs before me in my study, putting me in mind how much reason I 
might have had to fear in my future rambles through the forests of St. Vincent, had this 
formidable reptile been a pregnant female, and escaped to a safe retreat.” Upon several 
of the reptile race, the dry season near the equator has the same effect as the winter of 
northern latitudes, inducing a state of lethargy, during which tlie great saurians and 
the serpent tribe are dead to the surrounding world. While the alligators of North 
America become torpid tiirough excess of cold, the crocodiles of the Llanos of South 
America are reduced to the same condition through a deficiency of moisture. Humboldt 
was shown a liut or shed in whicli a singular scene liad been witnessed by his host of 
Calabozo, who, having slept in it upon a bench covered with leather, was awakened early 
in the morning by a violent slmfci rig, accompanied .with a horrible noise. Presently a 
cayman issued from, under the bed) and darted at a dog lying on the threshold; but 
miS8iBg him, ran'toWgrds the river. Whenithe sppt where the bench stood was examined, 
the dried mtid' wi^ found turned up to a considerable depth, where the animal had lain in 
ats'f^te of torpidity ror summer sleep. The hut being situated on the edge of a pool, and 
inundated 3 durixig port of the year, the cayman had entered at that period, and concealed 
ItMlf in 'thebodre. The Indians often find enormous boas, or water-serpents, in the same 
lethaigic condition. 

The highest department of the animal kingdom commences with the class of Birdsy 
whtch may be naturally divided into the three great orders of aerial, terrestrial, and aquatic. 
Aggregation into immense flocks is a distinguisliing feature of several species, especially 
of the ;aquatic order, which form separate colonies, building their nests in the same site, 
though other spots apparently equally adapted for the purpose are at no great distance. 
Hence the Vogel-bergs, or bird -rocks of the northern seas, one of which at Westmanneharn 
in the Faroe group of islands, seldom intruded upon by man, pi'esents a most extraordinary 
spectacle to the visitor. The Vogel-berg lies in a frightful chasm in the precipitous 
shores of the island, which rise to the height of a thousand feet, only accessible from the 
sea by a narrow passage. Here congregate a host of birds. Thousands of guillemots 
and auks swim in groups around the boat which conveys man to their domain, look 
curiously at him, and vanish beneath the water to rise in his immediate neighbourhood. 
The black guillemot comes close to the very oars. The seal stretches his head above the 
waves, not comprehending what has disturbed the repose of his asylum, while the rapacious 
skua pursues the puffin and gull. High in the air the birds seem like bees clustering 
about the rocks, whilst lower they fly past so close that they might be knocked down with 
a stick. But not less strange is the domicile of this colony. On some low rocks scarcely 
projecting above the water sit the glossy cormorants, turning their long necks on every 
side. Next are the skua gulls, regarded with an anxious eye by the kittiwakes above. 
Nest follows nest in crowded rows along the whole breadth of the rock, and nothing is 
visible but the heads of the mothers and the white rocks between. A little higher on the 
narrow shelves sit the guillemots and auks, arranged as on parade, with their white 
breasts to the sea, and so close that a hailstone could not pass between them. The 
puffins take the highest station, and, though scarcely visible, betray themselves by their 
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flying backwards and forw'ards. 'Die noise of such a multitude of birds is confounding, 
and in vain a person asks a question of his nearest neighbour. The harsh times of the 
kittiwake are heard above the whole, the intervals being filled with the monotonous note 
of the auk, and the softer voice of tlie guillemot. When Graba, from w’hose travels this 
description is principally drawn, visited the Vogel-berg, he was tempted by the sight of a 
crested cormorant to lire a gun, but what became of it, he remarks, it was im^mssible to 
ascertain. The air was darkened by the birds roused from their repose. Thousands 
hastened out of the chasm with a frightful noise, and spread themselves in troops over the 
ocean. The puffins came wnindering frojn their holes, and regarded the universal con- 
fusion with comic gestures. The kittiwakes remained composedly in their nests, whilst 
the cormorants tumbled headlong into the sea. Similar great congregations of the 
feathered race appear where the shores are focky, high, and precipitous, but this is strik- 
ingly the case, where 

“ The norlherii ocean, in vast whirls, 

Ih»ils rouiul the nakuil melancholy isles 
Of farthest Thnle ; and the Atlantic surge 
Pours in among the stormy Hebrides. 

Who can nt^ount what transmigrations there 
Are annual made? what nations come and go ? 

And how the living clouds on clouds arise? 
jfM Infinite wings ! till all the plume-dark air 

|T|\| And rude resounding shore are one wild cry." 

V li* Most terrestrial birds, unacquainted with man, exhibit a remark* 

jit. y iSWA tameness, and are slow in acquiring a dread of him, even after 

repeated lessons that danger is to be apprehended from his neigh*, 
bourhood. Mr. Darwin speaks of a gun as almost superfluous in the 
unfrequented districts of South America, for with its muzzle be 
|l pushed a liawk off the branch of a tree. Once, while lying down, a 
■ thrush alighted on the edge of a pitcher, made of the shell 

^ It tortoise, which he was bolding in his hand, and Ijcgan very 

^ Jeisurely to sip the water, even allowing him tp handle it w'hile 

seated on tlie vessel. In Charles Island, which had been colonised 
about six years, lie saw n boy sitting by a w(dl with aawitdi in 
his hand, with which he killed the doves and finches as thfey fcame 
to drink ; and for some time he had been constantly in the habit 
^ of waiting by the well for the same purpose, 

J ^ to provide himself with his dinners. In the - * 

^ /f Falkland Islands, at Bourbon, and at Tristan 

^ d’Acunha, the same tameness was noticed by ^ 
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the early visitors. On the other hand, the small birds in the arctic regions of America, 
which have never been persecuted, exhibit the anomalous fact of great wildness. From a 
review of various facts, Mr. Darwin concludes, ** first, that the wildness of birds with 
regard to man is a particular instinct directed against Aiwi, and not dependent on any 
general degree of caution arising from other sources of danger; secondly, that it is not 
acquired by individual birds in a short time, even when much persecuted ; but that in 
the course of successive generations it becomes hereditary. Comparatively few young 
birds in anyone year have been injured by man in England, yet almost all, even nestlings, 
are afraid of him ; many individuals, however, both at the Galapagos and at the Falk- 
lands, have been pursued and injured by man, bijt yet have not learned a salutary dread 
of him.” 

Numerous species of birds may be regarded as the favourites of nature, on account of 
the gracefulness given to their shape, and the richly coloured plumage with which they 
are adorned, as evidenced in the gaudy liveries of many of the parrot tribe, and the form 
and hues of the birds of paradise. But they are especially interesting to man for the faculty 
of song with which they are endowed ; in some, “ most musical, most melancholy,” in 
others, sprightly and animating, inspiriting the sons of toil under the burdens peculiar to 
their station. It dbserves to be remarked, as an instance of compensation and adjustment, 
that while the birds of the temperate zone are far inferior to those of tropical climes in 
point of beauty, they have far more melodious notes in connection with their less at- 
tractive appearance. The following catalogue of our singing birds contains the time of 
their beginning and ceasing to sing, from a mean of the observations of several years, 
with the numerical value of their notes, twenty being that of absolute perfection. For 
the catalogue we are indebted to Mr. John Blackwell and the Honourable Daines Barrington. 
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From the powerful means of locomotion possessed by several of the bird tribe, and 
their great specific levity, air being admitted to the whole organisation as water to a 
sponge, it might be inferred, that the entire atmosphere was intended to be their 
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domain, so that no species would be limited to a particular region. The common crow 
flies at the rate of twenty-five miles an hour; the rapidity of the eider-duck, 
mollmima, is equal to ninety miles an hour ; while the swifts and hawks travel at tlie 
astonishing speed of a hundred and fifty miles in the same time. It is true that some 
species have a very extensive range, as the nightingale, the common wild goose, and 
several of the vulture tribe. The same kind of osprey or fishing- eagle that wanders 
along the Scottish shores appears upon those of the south of Europe, and of New Holland. 
The lammergeyer haunts the heights of the Pyrenees, the mountains of Abyssinia, and 
the Mongolian steppes ; and the penguin falcon occurs in Greenland, Europe, America, 
and Australia. In general, however, like plants and terrestrial quadrupeds, the birds are 
subject to geographical laws, definite limits circumscribing particular groups. The 
common grouse of our own country afifords a striking exemplification of this arrangement, 
as it is no where met with out of Great Britain ; and other examples occur of a very 
scanty area containing a species not to be found in any other region. The celebrated 
birds of paradise are exclusively confined to a small part of the torrid zone, embracing 
New Guinea and the contiguous islands; and the beautiful Lories arc inhabitants of the 
same districts, being quite unknown in tlie New World. Parroquets are chiefly occupants 
of a zone extending a few degrees beyond each tropic, but the American group is quite 
distinct from the African, and neither of these have one in common with the parrots of 
India. The great eagle is limited to the highest summits of the Alps ; and the condor, 
which soars above the peak of the loftiest of the Andes, never quits that chain. Hum- 
ming-birds are entirely limited to the western hemisphere, where, a particular species is 
sometimes bounded by the range of an island, while others arc more extensively spread, 
the Trochilm Jlammifromy common to Lima, being observed by Captain King upon the 
coasts of the Straits of Magellan, in the depth of winter, sucking the flowers of a large 
fuchsia, then in bloom in the midst of a shower of snow. Among the birds incapable of 
flight, which rival the quadrupeds in their size, the intertropical countries of the globe 
have their distinct species, jirescnting similar general features of organisation, as the 
ostrich of Africa and Arabiti, the cassowary of Java and Australia, and the touyou of 
Brazil. In the arctic regions, we meet with species peculiar to them, the Slrix lapponiem 
or Lapland owl, and the eider-duck, an inhabitant of the shores, from w^hose nests the 
eider-down is obtained. Several families of maritime birds are likewise limited to 
particular oceanic localities. Approaching the fortieth parallel of latitude, the albatross 
is seen flitting along the surface of the waves, and soon afterwards, the frigate and other 
tropical birds ap[)car, which never wander far beyond the limits of the torrid zone. It 
thus appears, that notwithstanding the great locomotive powers of birds, particular groups 
have had certain regions assigned to them as their sphere of existence, which t)n^y arc; 
adapted to occupy, and to which they adhere in the main, tliough it is easy to conceive of 
natural causes occasionally constraining to a migration into new and even distant 
territories. Captain Smyth informed Mr. I^yell, that when engaged in his survey of the 
Mediterranean, he encountered a gale in the Gulf of Lyons, at the distance of between 
twenty and thirty leagues from the coast of France, which bore along many land-birds of 
various species, some of which alighted on the ship, while others were thrown with 
violence against the sails. In this manner, many an islet in the deep, after ages of solitude 
and silence, uninterrupted except by the wave’s wild dash, and the wind’s fierce howl, 
may have received the song of birds, forced by the tempest from their home, and 
compelled to seek a new one under its direction. 

There is no feature more remarkable in the economy of birds than the periodical 
migrations, so systematically conducted, in which five sixths of the whole feathered 
population engage. In the case of North America, according to an estimate by Dr. Richard- 
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son, the passenger pigeons forming themselves into vast flocks for the journey, one of 
which has been calculated to include 2,230,000,000 individuals. We are familiar with 
the cuckoo as our visitor in spring, and with the house-swallow os our guest through the 
summer, the latter usually departing in October to the warmer regions of the south, 
wintering in Africa, returning again when a more genial season revives its insect food. 
By cutting off two claws from the feet of a certain Tiiiinber of swallows, Dr. Jenner as- 
certained the fact, of the same individuals reapiiearing in their old haunts in the follow- 
ing year, and one was met with even after the la})se of seven years. The arctic birds 
migrate farther south, when the seas, lakes, and rivers, become covered with unbroken 
sheets of ice; the swans, geese, ducks, divers, and coots flying off in regular phalanxes to 
n^gions where a less rigorous winter allows of access to tlie means of life. Hence, soon 
after we lose the swallows, we gain the snip(‘.s and other waders, which have fled from 
the hard frozen north to our partially froz(*n morasses, where tludr ordinary nutriment 
may still be obtained, 'flic (*(piinoctial zone, where the seasonal change is that of 
liumidity and drought, furnish(!s an example of the same ])henomenon. As soon as the 
Orinoco is swolhm by tlm. rains, overflows its banks, and inundates the country on either 
side, an innumerable quantity of aquatics leave its course for the West India islands on 
the north, and the valley of the Amazon on the south, the increased depth of the river, 
and the flood<Ml state of the shores, dejiriving them of the usual supply of fish and insects. 
Upon the stream decreasing, and retiring within its bed, the birds return. 

The class of Qitadrvpvtk brings us to the most perfectly organised members of the 
animal kingdom, as well as to the largest, most powerful, and ferocious; of which the lion, 
tiger, elephant, rhinoceros, hip[)opotamus, panther, leopard, hyama, bear, and giraffe are 
familiar examples. The weight of some of these animals, which may be taken as an 
indication of their comparative size, has been computed to be — a ton for the girafle, three 
Ions for the rhinoceros, three tons and a half for a hi})[)opotamus sc^rit to England cut up 
into jiieces, while the elephant that was killed at Exeter Change was estimated to weigh 
five tons and a half. The class embraces a number of animals remarkable for their 
beauty, as the striped zebra and the bounding antelope, particularly the gazelle species, 
whose light forms, brilliant and expr<*ssivc <*ycs, have from remote antiquity been the 
favourite themes of eastern song. It includes also various quadriqieds, readily capable of 
domestication, which largely minister to the welfare of the human race, as the horse, ox, 
camel, and deer. In examining the distribution of the wild quadrupeds, the hot regions, 
extending from the equator to a few degrees beyond the tropics, are found to yield the 
great(*8t numbm* of tribes and individuals, ns w'cll as of those animals which are dis- 
tinguished by their bulk, strength, and ferocity. It has been commonly assumed, but 
without suflieient authority, that w'c have here, an excessive development of animal life, as 
an instance of intentional adjustment to a luxuriant vegetation. Thus Mr. Prout remarks, 
in his Bridgewatt*!’ Treatise, that “ in tropical climates, the qualities of animals, as w^ell 
as those of vegetables, are develo[»ed to the utmost ; and hence arises that harmonious 
adaptation of all the works of nature, conspicuous indeed in all climates, but in tropical 
climates more especially ; for where else than amidst the profuse exuberance of the 
vegetation wdthin the tropics could the elephant, the rhinoceros, the giraffe, and other 
large quadrupeds find subsistence ? Where else could w e expect to see such birds as the 
ostrich and the cassowary — such reptiles os the crocodile — such serpents as the boa ?” It 
need only be remarked, to show the fallacy of this statement, that, upon the principle laid 
down, intertropical America ought to be well stocked with the animal tribes of the 
largest class, whereas it is remarkably deficient in them ; while in Africa the same tribes 
should be rare, whereas that is precisely the region where they are most abundant. 

The incorrectness of the opinion advanced by Mr. Prout, in common with other 



DISTRIBUTION OF ANIMALS. 


585 


writers, is clearly sliown by Mr. Darwin, in a passage of great interest ami value : “ That 

large animals require a luxuriant vegetation, has been a general assumption, which has 
passed from one work to another ; but 1 do not hesitate to say that it is completely false, 
and that it has vitiated the reasonings of geologists on some points of great interest in the 
ancient history of the world. The prejudice has probably been derived from India, and 
the Indian islands, where troops of elephants, noble forests, and impenetrable jungles are 
associated together in every one’s mind. If, however, we refer to any work of travels 
through the southern parts of Africa, we shall find allusions, in almost every page, either 
to the desert character of the country, or to the numbers of large animals inhabiting it. 
On the southern and south-eastern coasts there are some fine forests; but, with these 
exceptions, the traveller may pass for days together through open plains, covered by a 
poor and scanty vegetation. It is difficult to convey any accurate idea of degrees of 
comparative fertility ; but it may be safely said that the amount of vegetation supported 
at any one time by Great Britain exceeds, perhaps even tenfold, the quantity on an (;qual 
area in the interior parts of Southern Africa. The fact that bullock-waggons can travel 
in any direction, excepting near the coast, without more than occasionally half an hour’s 
delay in cutting down bushes, gives jmrhaps a more definite notion of the scantiness of 
the vegetation. Now if we look to the animals inhabiting those wide plains, we shall 
find their numbers extraordinarily great, and tlieir bulk immense. We must enumerate 
the elephant, three s{)ecies of rhinoceros, and ])robabIy two others, tlu^ hippopotamus, the 
giraffe, the bos cafter (as large as a full-grow'ii bull), and the elan (but little less), two 
zebras, and the quaecha, two gnus, and several antelop(‘s, even largm* than these latter 
animals. It may be supposed, that although the s[)ecies anj numerous, the individuals of 
each kind arc few. By the kindness of Dr. Andrew Smilli, 1 am enabled to show that 
the case is very difierent. lie. informs me, that in lat. 24®, in one day’s march with the 
bullock- waggons, he saw, without wandering to any gri^at distance on eitlmr side, betwtHm 

one humlrcd and one bundreal and fifty rhi- 
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of encampment on the previous night, his party actually killed at one spot eight hippo- 
potamuses, and saw many more. In the same river there were likewise crocodiles. Of 
course it was a case quite extraordinary to see so many great animals crowded together; 
but it evidently proves that they must exist in great numbers. Dr. Smith describes the 
country passed though that day as being thinly covered with grass, and bushes about 
four feet high, and still more thinly with mimosa trees. The waggons were not prevented 
travelling in a nearly straight line.” 

Nothing can be more striking than the contrast between the South African and the 
South American vegetation ; the former meagre, the latter exuberant to excess : yet, 
comparing together the weight of two of the largest species of herbivorous animals in 
each, the ratio of the scantily pastured African, to the richly pastured American quadrupeds, 
is as twenty-four to one. It is abundantly evident, therefore, that there is no close 
relation between the bulk of animals and the amount of vegetation in the countries 
which they inhabit ; and that common ideas, respecting the quantity of food which a large 
quadruped requires for its support, are greatly exaggerated. The mention of the camel, an 
animal of the larger class, instantly brings the desert to our remembrance, his native 
region. This fact has an important bearing upon geological points ; for it shows that the 
remains of large mammalia in the European tertiary strata, with those of the Rhinoceroses 
discovered in the Siberian steppes, do not necessarily require the supposition that a 
vegetation bearing the character of tropical luxuriance was coincident with their living 
existence, and that a change of climate, from heat to cold, occasioned by violent 
catastrophes has occurred, accounting for the comparatively waste and sterile aspect of 
sites presumed to have been clothed with vegetable richness at a former epoch. There 
may have, and no doubt there has, been a great cliange of climate in the northern region 
of the globe ; but it is fallacious to argue it on the ground of a tropical vegetation being 
required to sustain the mighty quadrupeds that once occupied the district. 

A comparison between the quadrupeds of the Old and New Worlds is in every point 
strikingly in favour of the former. Not only has the western continent no animals of 
such giant bulk as those of the eastern, but no examples of such high organisation, such 
power and courage, as the AiVican lion and the Asiatic tiger display. Buflfbn’s remark 
must indeed be considerably modified, respecting the cowardice of the American feline race ; 
for the jaguar of the woods about the Amazon, when attacked by man, will not hesitate 
to accept his challenge, wdll even become the assailant, nor shrink from an encounter 
against the greatest odds. The following passages from the writings of Humboldt show 
that this Transatlantic animal is not to be despised; — “The night was gloomy; the 
Devilfi Wall and its denticulated rocks appeared from time to time at a distance, 
illuminated by the burning of the savannahs, or wrapped in ruddy smoke. At the spot 
where the bushes were the thickest, our horses were frightened by the yell of an animal 
that seemed to follow us closely. It was a large jaguar, that had roamed for three years 
among these mountains. He had constantly escaped the pursuit of the boldest hunters, 
and had carried off horses and mules from the midst of enclosures ; but, having no want 
of food, had not yet attacked men. The negro who conducted us uttered wild cries. 
He thought he should frighten the jaguar ; but these means were of course without effect. 
The jaguar, like the wolf of Europe, follows travellers even when he will not attack them ; 
the wolf in the open fields and in unsheltered places, the jaguar skirting the road, and 
appearing only at intervals between the bushes.” The same illustrious observer also 
remarks, — “Near the Joval, nature assumes an awful and savage aspect. We there 
saw the largest jaguar we had ever met with. The natives themselves were astonished 
at its prodigious length, which surpassed that of all the tigers of^ India I had seen in 
the collections of Europe.” Still, these were extraordinary specimens of the race, and 
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leave the fact undoubted, that the most formidable of the western Fer<s has no pretensions 
to an equality with his congener the tyrant of the jungles of Bengal. 

In vain also we look among the tribes of America for a rival in outward appearance to 
the giraffe, so remarkable for its height, its swan-like neck, gentle habits, and soft ex- 
pressive eye; while of the animals most serviceable to mankind — the horse, the ox, the 
ass, the goat and the hog, — not a living example of either was known there before its 
occupancy by the Europeans. But however inferior the animal races of the New may be 
as compared to those of the Old World, the balance betw’^een the two appears to have been 
pretty equal in remote ages, — geological discovery has disproved the assertion of Buffon, 
that the creative force in America in relation to quadrupeds never possessed great vigour, 
and has established the fact, that it is only the more recent specimens of its energy that 
are upon an inferior scale. The relics of the unwieldy megatherium, of the gigantic sloth, 
and armadillo-like animals, discovered in great abundance imbedded in its soil, prove that 
at a former period it swarmed with monsters of equal bulk with those that now roam in 
the midst of Africa and Asia. The estuary deposit that forms the plains westward of 
Buenos Ayres, and covers the granitic rocks of tho Banda Oriental, appears to be the 
grave of extinct gigantic quadrupeds. 

There are various animals which are very widely dispersed, enduring the extremes of 
tropical heat and of polar cold, which are either in a wild condition or in a state of 
domestication. Wild races, considered to be varieties of the domestic dog, occur in Indio, 
Sumatra, Australia, Beloochistan, Natolia, Nubia, various parts of Africa, and both the* 
Americas ; while in subjection to man, the dog is his faithful companion, and has follow^ed 
his steps into every diversity of climate and of situation to which he has wandered. The 
north temperate zone of the Old Continent appears to be the native region of the ox, which 
passes in Lapland within the arctic circle, and has been spread over South America since 
its first introduction by the Spaniards. The horse, originally an inhabitant of the 
temperate parts of the Old World, has shared in a similar dispersion, and now exists in the 
high latitude of Iceland, in the desolate regions of Patagonia, and roams wild in immense 
herds over the Llanos of the Orinoco, leading a painful and restless life in the burning 
climate of the tropics. Humboldt draws a striking picture of the sufferings of these gifts 
of the Old World to the New, returned to a savage state in their western location : “ In 
the rainy season, the horses that wander in the savannah, and have not time to reach the 
rising grounds of the Llanos, perish by hundreds amidst the overflowings of the rivers. 
The mares are seen, followed by their colts, swimming, during a part of the day, to feed 
upon the grass, the tops of which alone wave above the waters. In this state they are 
pursued by the crocodiles ; and it is by no means uncommon to find the prints of the 
teeth of these carnivorous rei)tiles on their thighs. Pressed alternately by excess of 
drought and of humidity, they sometimes seek a pool, in the midst of a bare and dusty soil, 
to quench their thirst ; and at other times flee from water and the overflowing rivers, as 
menaced by an enemy that encounters them in every direction. Harassed during the day 
by gad-flies and musquitoes, the horses, mules, and cows find themselves attacked at 
night by enormous bats, that fasten on tlieir backs, and cause wounds wdiich become 
dangerous, because they are filled with acaridac and other hurtful insects. In the time of 
great drought, the mules gnaw even the tliorny mclocactus (melon- thistle), in order to 
drink its cooling juice, and draw it forth as from a vegetable fountain. During the great 
inundations, these same animals lead an amphibious life, surrounded by crocodiles, water- 
serpents, and manatees. Yet, such are the immutable laws of nature, their races are 
preserved in the struggle with the elements, and amid so many sufferings and dangers. 
When the waters retire, and the rivers return into their beds, the savannah is spread over 
with a fine odoriferous grass ; and the animals of old Europe and Upper Asia seem to 
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enjoy, as in their native climate, the renewed vegetation of spring.” The first colonists 
of La Plata landed with seventy-two horses, in the year 1535, when, owing to a temporary 
desertion of the colony, the animal ran wild ; and in 1580, only forty-five years afterwards, 
it had reached the Straits of Magellan. ^The ass has a more restricted range than the 
horse, not being capable of enduring so great a degree of cold, though usually far froni 
being considered a delicate animal. To the warmer parts of the temperate zone, between 
the ^h and the 40th parallels of latitude, the ass seems best adapted, not propagating 
! toch beyond the 60th, and only occurring in a state of degeneration beyond the 52nd. 
The sheep and goat tribe are widely spread, equally supporting the extremes of 
temperature. According to Zimmerman, the Argali or Mouflon, the original race of sheep, 
still exists on all the great mountains of the two continents ; and the Capricorn and 
the ancestors of the common goat, inhabit the high European elevations. From ^e 64th 
I degree of north latitude, the hog is met with all over the Old Continent, and also in the 
isl^ds of the Indian Ocean peopled by the Malay race ; and since its introduction into the 
New World, it has diffused itself over it, from the 50th parallel north as far as Patagonia. 
Originally the cat was not known in America, nor in any part of Oceanica ; but it has 
now spread into almost every country of the globe. Among animals entirely wild, the 
moat extensively diffused are, the fox, hare, squirrel, and ermine ; but the species are 
different in every region of the world ; nor is there perhaps one example to be found of a 
species perfectly identical naturally existing in distant localities of the earth. 

Confining our attention chiefly to the wild quadrupeds, and to those of the largest 
class, the earth may be divided into several great zoological provinces, in each of which 
we find distinct groups of animals. 

1. The Arctic Pegion. The northern parts of both continents have the same animals 
in common *, for north-eastern Asia is only separated from north-western America by a 
narrow strait, across wliich the communication, in the winter season, is not difficult, by 
means of the ice and intervening islands. Throughout this district the white or polar 
fox is diffused, sometimes called the isatis, an animal different from the common species, 
occurring in great numbers in Nova Zembla, inhabiting Kamschatka and the Aleutian Isles 
on the one side, and Iceland and Lapland on the other. Here also is the range of 
the rein-deer, of all large land animals, the one that advances nearest to the pole. It is 
1 found on all the coasts of the Frozen Ocean, and is so impatient of warmth, that in Scan- 
dinavia it can scarcely exist south of 65°, descending in Russia to 63°, where the climate 
is colder, and to 50° in Asia, roving into Chinese Tartary among the Tongouses, where 
a still more rigorous temperature prevails. In America, the rein-deer, or karibou, which 
is identically the same animal, descends as low as 45°. It is indigenous in the island of 
Spitzbergen, and is found also in Iceland, but not as a native, having been brought there 
/ by man so late as the year i 770, when three were introduced from Norway, and turned 
adrift, which have since multiplied into considerable herds, not unfrequently seen in the 
mountainous districts. In the white or polar bear we have the monarch of quadrupeds 
in the arctic region, amaritine sj)ecies, the Ursns rnaritimvs of naturalists, totally different 
from the common bear of the land. This ferocious and formidable animal never quits the 
“regions of thick-ribbed ice,” nor travels far from the ocean ; but haunts the shores, some- 
times putting out to sea upon the drifting ice, and making distant excursions by this 
means, and by his own locomotive energies, being a strong and persevering swimmer. 
Hence, ho is well known in the islands, as well as the continental parts of the frozen zone, 
twelve or thirteen in a season occasionally finding their way from West Greenland across 
the strait to Iceland. It has been observed by Scoresby, that they have been seen on the 
ice in such quantities as to be comparable to flocks of sheep on a common, and that they 
are often found on field-ice, above two hundred miles from the shore. Captain Parry, 
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upon one of his voyages through Barrow’s Strait, met with a bear swimming in the water 
Bhout midway between the shores, which were forty miles apart, and where no ice was in 
sight. These facts sufficiently account for the extensive occupancy of the arctic region 
by the polar bear, and for his appearance on islands separated from the continents by a 
broad oceanic expanse. As an instance of adaptation to external circumstances, the 
capital clothing of the animals of this zone may be mentioned, which supplies us with the 
choicest furs ; as well as their prevailing white colour, of which we have examples in the 
bear, the fox, and the white hare of Greenland, — the colour which reflects most heat and 
light. 

2. North Temperate Region. This district comprises two departments, separated from. 
each other by a wide extent of ocean, impassable to the land animals by ordinary means, 
the one extending through Europe and Aaia, and the other through North AmeHoa, 
between which the billows of the Atlantic and Pacific roll. Here we have two distinct 
zoological provinces. The common bear, which occurs in Europe and in the north of 
Asia, does not exist in America; nor the stag, which inhabits the European part of the Old 
Continent lo the 64th parallel, and the Asian to the 65th. On the other hand, the 
corresponding tract in America is the abode of races peculiar to itself, among which we 
may enumerate the wapiti, the grizzly bear, and the bison. This latter animal once 
occupied nearly the whole of the temperate regions of the New World, but has retreated 
within narrower limits before the advancing influence of civilisation. It inhabited the 
Carolinas at the period of the earliest colonisation, and formerly extended over all the 
United States favourable to its existence, but it has not been seen in Kentucky since the 
year 1766, and now haunts chiefly the great prairies bordering on the Missouri, 
occasionally extending soutliward to the 36th, and northward to the 62nd parallels. 
The bisons associate in vast herds, and, being herbivorous, are compelled to wander far, 
in order to find the requisite supjdy of vegetable food. The surface of the prairies is some- 
times blackened by their numbers. “ It is no exaggeration,” says Mr. James, “ to assert, 
that in one place, on the banks of the Platte, at least ten thousand burst on our sight in 
an instant. In the morning we again sought the living picture; but upon all the plain, 
which last evening was so teeming with polar animals, not one remained.” Till a recent 
date, the Rocky Mountains formed an impassable barrier to their westward progress; but 
of late years they are said to have discovered a passage across the range, near the 
sources of the Saskatchawaw, and now roam upon the banks of the Columbia. The same 
causes which have affected the range of these quadrupeds in North America, have op(Tated 
to produce a similar effect, in various parts of tlie globe, in the case of other animals. 
The republican establishments of the beaver have vanished from the banks of the Rhone 
and the Danube ; the bear, wild boar, and wolf have disappeared from our own country ; 
and the lion, which, in former times, must have shook tlie lioar-frost from his mane, as a 
dweller in Thrace and Macedonia, has retired entirely from Europe. 

3. Region of Intertropieal and South America. In this extensive tract, capable of 
subdivision into several distinct zoological provinces, we have, besides the jaguar, formerly 
mentioned, — the puma, or lion of the New World, but a very feeble representative of its 
eastern namesake; the llama, improperly styled the camel of the western continent, 
inhabiting Peru and Chili ; the tapir of Brazil ; and the didclphis, or American opossum, 
one of the marsupial family, which comprise those animals which produce their young in 
an immature state, and keep them for a time attached to their bodies, chiefly in abdominal 
bags or pouches, of which several genera occur in New Holland. The conformation of 
the American opossum differs from that of the Australian in several respects, but chiefly 
in having a long prehensile or muscular tail, constituting a fifth limb, a furniture designed 
to accommodate the animal to the vast and lofty forests of Guiana, which are its abode. 
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The monkey races here are similarly furnished, and essentially differ from the apes of 
Africa and Asia, which have no such peculiarity. It has been remarked, that America is 
deficient in the large and powerful animals which are found on the ancient continent ; but 
in their place, some singular tribes appear, in the formation of which the ordinary rules 
of nature seem to liave been abandoned. Such are the tribes which Linnaeus referred to 
his order of Bruta, and which Cuvier has called Edentes^ quadrupeds which are partially 
or wholly deficient in the organs of mastication, as the sloths, the ant-eaters, and the 
ormadilloes, the* former of which especially are the defective monsters of Buffon, rude and 
imperfect attempts of nature. With his usual felicity, Cuvier remarks of the sloths, “ that 
we find in them so little relation to ordinary animals ; the general laws of organisation 
prevailing among the species at present existing, apply so little to them ; the different parts 
of their bodies appear to be so much in contradiction to the laws of co-existence which 
we find established through almost the whole animal kingdom, — that we might really 
suspect them to be the remains of another order of things — the living relics of that pre- 
existing nature, the ruins of which arc elsewhere discovered only in the interior of the 
earth ; and we might conjecture that these creatures have escaped by some miracle the 
catastrophes which have destroyed the other species that were their contemporaries.’* 
The organic remains of nearly-allied animals to the sloth are common in South America — 
the megatherium, megalonyx, scelidotherium, and mylodon, — in dimensions and power the 
rhinoceroses and elephants of a former world. 

4. Region of Intertropical and South Africa. In the northern part of this district, 
where those desert plains commence which traverse the whole of the Old Continent, we 
find the one-humped camel, of which the dromedary is a fleet species, without which the 
Sahara could not be crossed by the caravans. In all the great rivers of this quarter of 
the globe, except the lower part of the Nile, the hippopotamus occurs, but more abundantly 
in the southern districts. The giraffe is peculiar to a tract of country extending from 
Cape Guardafui to the Cape of Good Hope, probably including the mountainous plains of 
Central Africa. This is the location likewise of the beautiful zebra and quaggn, 
analogous animals to the horse and ass of the northern hemisphere, as well as of a variety 
of remarkable antelopes. No genuine tigers are found in this region ; but the leopard and 
the panther supply their place — Uvo species of the feline tribe that are outwardly dis- 
tinguished only by their spots, those of the leopard being more regular and beautifully 
defined, a tenant (diicfly of Guinea and Senegambia. One species of rhinoceros, that 
with two horns, is peculiar to South Africa, where it is very commonly met with, along 
with a race of elephants, distinct from the Asiatic, which are every where found in great 
numbers, from the Cape of Good Hope to the 20th parallel. While the king of quadru- 
I^Hjds has an extensive range in Asia, it is in Africa that the lion is most perfectly 
developed, exhibiting that majestic mien, that strength and courage, wdiich have won for 
him his title. His home here extends from the southern roots of Mount Atlas to the 
Cape. 

5, Region of Continental India and the Indian Archipelago. This is specially the 
country of the tiger, which, though found in Eastern Persia and in China, attains his 
maximum size, and displays the greatest ferocity, in the jungles of Hindustan, Ceylon, 
and Sumatra. A variety of the elephant occupies the continent as far as the 30th parallel, 
and occurs in some of the islands, which is the range also of the one-horned rhinoceros. 
But several of the islands of the archipelago contain species and genera which are not 
found on the continent ; and hence they are sometimes considered as forming a separate 
zoological province. Thus the hippopotamus, W'hich does not exist in any of the Asian 
rivers, is said to inhabit the Sunda isles ; and in other islands we have the crocodile 
proper, a distinct animal from the gavial of the Ganges. The tapir also, which was once 
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considered as peculiar to South America, is found in Sumatra; and the dugong, not 
known in any other part of the globe, the existence of which w^as long treated with 
incredulity. Among flying quadrupeds, or those mammifers which can imitate the flight 
of birds, supporting themselves for a short time in the air, nearly the whole race, with 
the exception of bats, arc confined to the islands of South-eastern Asia. Three 8i)eeie8 
of the flying Lemurs occupy the Sunda, Molucca, and Pelew islands ; and several species 
of the flying nocturnal squirrels inhabit Java and the neighbouring parts of the archipelago. 
It is a conjecture of M. Lesson, that the islands stretching from Asia to Australia once 
formed part of a great continent; an opinion founded on the fact, that these islands contain 
great living species of quadrupeds which are in some instances common to several 
different isles, and that the channels by which they are separated are shallow, and inter- 
sected by banks apparently the remains of ground submerged. Dr. Prichard remarks 
upon this idea, “ that the momentum with which the waters of the equatorial ocean are 
borne against the eastern side of America, though it has hollowed out the Gulf of Mexico, 
has not been suflicient to break through the ridge of the Cordilleras. In the Eastern Seas 
no similar mountain-chain existed to support the connection between Asia and Terra 
Australis. A comparison of the geographical facts which discover themselves in other 
equatorial regions, goes far to confirm the opinion of M. Lesson.” 

6. Region of Australia. One of the most remarkable jn'ovinces of the animal kingdom, 
hitherto but imperfectly explored, is fornujd by New Holland and the adjacent islands to 
the southward. We here meet with several entire genera of quadrupeds, which, though 
different in many respects from each other, have some common features of organisation, 
yet distinct from those which generally characterise the animal races in other parts of the 
globe. This great region has therefore been styled, and without any exaggeration, the 
cradle of a new creation, in which animal life has been arranged upon a peculiar plan, 
apart from those laws wdiich are its universal conditions in other districts. The warm- 
blooded quadrupeds were assumed by Linnmus to be, without any exception, vivij>arou8 
and mammiferous ; the former term denoting the production of their offsjjring in a living 
and perfect state, and the latter term expressing the furniture of the parents with organs 
for suckling their young. Such animals therefore, on the last account, were constituted 
into the great class of Mammalia. The Australian tribe of monotremes is, however, an 
exception to the ussuraj)tion of ]Jnn<Tus, for these are warm-blooded quadrupeds that arc 
oviparous, producing eggs from which the young are hatched, and being consequently 
unprovided with mammiferous organs. This tribe is ])rol)ably unitpa^. Another remark- 
able feature of this zoological province is the prevalence of marsupial animals, whose 
peculiar structure has been previously noticed, in the instance of the American opossum. 
Besides this example of marsupiality, a few more are found, chiefly in the Malay islands; 
but in Australia it occurs us a zoological law, nj)[dyirig to all the carnivorous animals, 
w'ith only about the three exceptions of the bat, the phoea, and the dog, and distinguish- 
ing several of the herbivorous tribes. The wombat, the koala, and the kangaroo are 
herbivorous marsupials ; the phalange.rs are partly so, and insectivorous ; the opossums 
and the dazyures are carnivorous, the latter corresponding to the civets and weasels ol the 
Old World. We naturally inquire why this part of the globe should be distinguished 
from all other regions by tlic prevalence of a peculiar structure among its animal races ; or, 
in other words, why the young of the warm-blooded quadrupeds of Australia should leave 
the matrix of the mother at an earlier period than those of other districts, and thus 
have a premature birth, so as to require an express provision for the preservation of the 
diminutive embryo ? No reasonable conjecture can as yet be advanced upon the subject ; 
though no doubt it stands in intimate connection with peculiar physical circumstances, 
the elucidation of which may one day further develop the story of the animal kingdom. 



502 


FHT81CAJ. GEOGRAPHY. 


In thus glandng at the zoology of the three great land divisions of the globe — those of 
America, of Europe, Ajsia, and Africa, and of New Holland — we perceive instances of 
different genera peculiar to each ; and even where the same genus occurs in these far sepa* 
rated localities, the climates corresponding, the species are not identical. The animals of 
the ape tribe ; of the canine and feline races, embracing wolves, foxes, hyaenas, lions, and 
tigers; of pachydermata, or the thick-skinned order, including elephants, tapirs, rhinoce- 
roses, hogs ; of saurians and serpents ; of birds, aquatic, aerial, and terrene ; and of other 
kinds, — are all variously organised in the three great continents, as well as in different 
climates of the same hemisphere. If we look to the zoology of small islands, situated at 
no great distance from continents, like Great Britain, the Mediterranean isles, and Mada- 
gascar, we find their animal races generally the same as those on the adjoining main- 
lands ; and with reference to those that are isolated, and far from any continent, they 
have commonly no land quadrupeds at all, except those that have been transported to 
them by man, or have found their way thither by accidental means. Some of the 
islets of the Keeling or Cocoo group, situated in the Indian Ocean, about six hundred miles 
from the coast of Sumatra, are inhabited by rats, identical with the English species, which 
were brought in a ship from the Mauritius, wrecked upon the shores. By the European 
vessels, these troublesome parasites of the Old World, the rats and mice, have been con- 
veyed to remote islets, bearing with as much impunity the heat of the equator as the cold 
of the north. The great groups of the Pacific, upon their first discovery, presented no 
warm-blooded animals, except a few tribes which had accidentally migrated or been con- 
veyed by th§ natives, probably colonists from the Malayan archipelago. 

The conclusion to which we are led by the preceding facts with reference to animal 
distribution, is clearly the theory adopted in relation to the dispersion of plants, namely, 
in the words of Prichard, that various tribes of organised beings were originally placed 
by the Creator in certain regions, to which they arc by their nature peculiarly adapted, 
probably a single pair of each species, from which their offspring Iiave dispersed them- 
selves to as remote a distance from the original c(*ntre of their existence as their own 
powers of locomotion, their capacity to endure change of climate, and the absence of 
physical obstacles of migration, have enabled them to wander. In the case of birds and 
insects, the agency of the winds has been a potent cause of dispersion, and some well- 
known circumstances illustrate the mode by which animals of considerable size may be 
conveyed to shores distant from their original location, and become the occupants of 
islands to which, apparently, the ocean forbids the advance of animal life from without, 
unless transported thither by man. The common brown fox is found in Greenland and in 
Iceland, and has been borne from the former to the latter by the drifting ice, a mode of 
conveyance which has been observed in operation, for Olafsen mentions, that on one occa- 
sion he saw no fewer than four on one piece, sailing away on some such voyage of 
discovery. The animals pcrisli if the ice makes no land, as is the case with immense 
fields which reach the heart of the Atlantic, and melt in the warm water of the gulf- 
stream ; but should it gain a shore, the living cargo may be disembarked, introducing a 
new species to the district, or multiplying one previously brought there in tlie same way. 
It is not uncommon for the northern voyager to hear the wolves fearfully howling as 
they die by famine, having taken to the ice in the pursuit of seals, and been set afloat, 
hunger overtaking them in the open sea. Several animals, as the rat, dogj and bear, can 
accomplish considerable distances by their own powers of swimming ; and the recent 
occurrences of the Moray floods show, contrary to a popular sentiment, that the common 
swine is adequate to the same performance. Three members of the same litter compassed 
the distance of five miles ; and one, after being carried down to the mouth of the Spey, 
swam four miles, and landed safe. Mr. I.yell remarks, that “ in an adult and wild state, 
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these animalfl would doubtless have been more strong and active, and might, when hard 
pressed, have performed a much longer voyage. Hence islands remote from the con- 
tinent may obtain inhabitants by casualties which, like the late storms in Morayshire, 
may only occur once in many centuries, or thousands of years, under all the same cir- 
cumstances.** The isles of the Pacific have no quadrupeds, but some of those just 
mentioned — hogs, dogs, and rats, with the exception of a few bats ; and only rats are 
found in Easter Island, the most remotely seated in the Pacific. 

There is another method of transport, which, though very rarely in action, may exten- 
sively diffuse both vegetable and animal tribes. In a former chapter of this work, the 
occurrence of floating islands in lakes has been noticed ; and in addition to the instances 
there referred to, Mr. Darwin describes some on the Lake of Tagua-cagua, in Chili, 
which deserve attention. “ They are composed of the stalks of various dead plants 
intertwined together, and on the surface of which other living ones take root. Their 
form is generally circular, and their thickness from four to six feet, of which the greater 
part is immersed in the water. As the wind blows they pass from one side of the lake to 
the other, and often carry cattle and horses as passengers.” Towards the mouth of the 
great rivers, the Mississippi, Amazon, Orinoco, Congo, and Ganges, similar islands are 
formed, where any obstacle occurs to the further progress of tlie wood and vegetation 
drifted down by the currents from the interior countries, and sometimes these islands are 
driven from their moorings by a flood or a storm, and then float away, either entire or in 
piecemeal, into the open sea. They have been several times met with in the Indian 
Ocean, after the typhoon has raged, covered with mangrove-trees interwoven with under- 
wood, and ships have sometimes been in peril, in consequence of mistaking them for 
firm ground. ‘‘ It is highly interCvSting to trace, in imagination, the effects of the passage 
of these rafts from the mouth of a large river to some archipelago, such as those in the 
South Pacific, raised from the deep, in comparatively modern times, by the operations of 
the volcano and the earthquake, and the joint labours of coral animals and testacea. If a 
storm arise, and the frail vessel be wrecked, still many a bird and insect may succeed in 
gaining by flight some island of the newly formed group, while the seeds and berries of 
herbs and shrubs, which fall into the waves, may be thrown upon the strand. But if the 
surface of the deep be calm, and the rafts are carried along by a current, or wafted by 
some slight breath of air fanning the foliage of the green trees, it may arrive, after a 
passage of several weeks, at the bay of an island, into which its plants and animals may 
be poured out as from an ark, and thus a colony of several hundred new species may at 
once be naturalised.” Extremely rare as is the occurrence of such a wandering Delos, it 
unquestionably belongs to the class of facts, romantic as it appears ; nor do the effects 
attributed to it at all trespass beyond the sobrieties of calculation. K the West India 
islands had no samples of animal nor vegetable life common to the continent of North 
America, their reception of both might be presumed, whenever the great raft of the 
Atchafalaga (an arm of the Mississippi, ten miles long, and two hundred yards broad,) is 
broken up, as it is almost certain to be, — sending down a hundred islets to float in the 
waters of the Gulf of Mexico. 

The theory embraced with reference to animal distribution may appear to some 
readers at variance with the authority of Revelation, which, according to popular inter- 
pretation, teaches the collection of types of all living races into the Noachian ark, the 
, occurrence of a universal deluge destroying the other members of each family, and the 
subsequent dispersion of the preserved stock from one common centre, the mountains of 
Ararat, to repopulate the world. With this theory of Linnaeus and Pennant it is impos- 
sible to reconcile zoological facts, without supposing a series of the most astounding and 
useless miracles, concerning which a total silence is preserved in the Scripture narrative. 
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We know that the kangaroos and emus of New Holland, the llamas of Peru, the sloths, 
armadilloes, and ant-eaters of Paraguay, to mention no other instances, never could 
have accomplished the passage from the places of their location to any central part of the 
Old World, and back again, from the scene where the ark of Noah was set afloat, by 
natural means. Neither can the polar bear and the hippopotamus, the ostrich and the eider 
fowl, the reindeer and the girafle, to refer to no more examples, exist together in a state of 
nature, requiring a great diversity of climate; and supposing them aggregated by the 
Divine Power, and sustained in a common temperature, the difficulty of conceiving a 
building capable of accommodating a tenth of the single parent pairs of all the species, is 
prodigious. The difficulty increases when we consider the vast number of freshwater fish, 
and reptiles of the rivers, to be provided for. To supernatural agency, indeed, all things 
are possible; but when nothing is said of its action in the record— when the object, imagined 
to have been effected by it, must have been to a great extent useless — and when the con- 
gregation of the animals is represented as in the main the work of Noah, we may surmise 
that a transaction local in its nature, and comparatively limited in its extent, is the subject 
of the relation. This opinion, which zoological considerations favour, is not opposed to the 
narrative, expounded in harmony with Oriental forms of speech, and with the genius of 
Scripture diction when treating of physical events; for it is consonant with both to 
employ universal terms with reference to local circumstances, and to express in descrip- 
tions of physical phenomena the optical appearance, and not the philosophic reality. In 
fact, the univetBa terra, or the whole earth, of the book of Genesis, which was sub- 
merged, becomes the okovfxipi, or the inhabited world, of a subsequent writer in the 
sacred volume ; and if this were the place to handle the question, it might readily be 
shown, that at the diluvian era there had been no great multiplication of the human race, 
and consequently no wide dispersion of them. The fact of their circumscribed limits 
furnishes a presumption in favour of a partial deluge ; for, to accomplish the ‘‘judgment of 
ungodly men,” confined to a small part of the earth’s superficies, by bringing a flood of 
waters upon the existing continents, and at the same time suspending the ordinary laws 
of nature, in collecting from distant lands, and sustaining at a common focus, live pairs of 
the animal races accustomed to different climates, and addicted to discordant habits — 
this would be, to say the least, a vast superfluity, and to a great extent an unmeaning 
catastrophe. When no recognised principle of interpretation is violated by a contrary 
hypothesis, which accords with zoological conclusions, we may reasonably believe the 
Noachian deluge to have been limited to the world of man — probably the western region 
of Central Asia — the native sent of most of the domesticated animals and the cereal 
grasses, upon which the food, clothing, and convenience of mankind depend, reproductive 
examples being preserved, to minister to the wants of the patriarchal family, and to 
multiply and migrate, in the train of their posterity, to the far-distant regions to which 
they have wandered. 
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CHAPTER XIX. 

DISTRIBUTION OP THE HUMAN RACE. 

N the great scheme of creation immediately around us, we 
have viewed unorganised matter destitute of life, and mat- 
ter organised, as in the grass of the held, with life, 
but destitute of sensation, and in the inferior animals, 
with life, sensation, and a portion of knowledge ; but 
in man the scale of being rises above mere animal 
life and sensation, however delicate and varied, and 
beyond mere instinct, whatever that mysterious faculty 
may be, to rational existence, which constitutes him 
** the minister and interpreter of nature.” The most 
sagacious and instinctive of the brute creation live 
and die without the least comprehension of the vast 
system of which they form a part ; but man is capable 
of surveying the whole with thought and reflection, of understanding its economy and 
purpose, of tracing the Author of the work, and marking the display of his perfections, 
of yielding to Him adoration and homage, and sanctifying the varied scene to moral uses. 
Sometimes, in the spirit of lurking infidelity to the announcements of Scripture respect- 
ing the attention paid to our race by Divine Providence, philosophy has paraded before 
us its demonstrations concerning the plan of the universe, and called upon us to con- 
template its stately forms and vast dimensions. We may obey its summons, and return 
from the contemplation with renewed ability to “vindicate the ways of God to man.” 
For what knows the sun of his own brightness, or the lightnings of their force, or the 
planets of their velocity, or the ten thousand stars of their mighty proportions ? The 
universe of material things can neither think nor feel, but is perfectly unconscious of 
itself ; whereas man can appreciate to a certain extent its design, derive enjoyment from 
its objects, track their course, comprehend their laws, gather from them an intellectual 
apprehension of the wondrous Artificer, make them subservient to morals and devotion ; 
and thus the grandeur of nature illustrates the greatness of man. 

Linmcus placed man in the order of Quadrumanay or four-handed, in fellowship with 
the monkey tribe, and even considered the genus Homo as consisting of two species, the 
ouran-outang being the second, the congener of the human being. Cuvier, with an 
obvious propriety, has departed from this classification, and placed man in an order by 
himself, that of Bimayitty or two-handed, in allusion to the prehensory organs with which 
he is furnished. They are instruments of essential moment to their possessor, and 
form a characteristic mark of his nobility, for, strictly speaking, he is the only bimane. 
In several physical respects, man is far inferior to many of the lower animals. The 
elephant is his superior in bulk and power, the hawk in sight, the antelope in 
swiftness, the hound in scent, and the squirrel in agility. No animal, in the 
infancy of existence, continues for so long a period in a state of helplessness and 
dependence, or suffers for an equal interval infirmity in age. To every other animal 
nature supplies an appropriate clothing, for which they “ toil not, neither do they spin” — 
the office of man ; without which, he would live and die in the nakedness of his birth. 

No parallel to his case can be found in the animal kingdom, in relation to the slowness of 
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his growth, the variety ol* his wants, and the numerous diseases to which he is exposed ; 
and while animals directly adapt to their support the food that is suited to them — the lion 
his flesh, and the ox his grasses — the greater part of the human aliment, according to the 
practice of all nations, is subject to preparing processes, more or less rude or perfect, in 
order to be rendered agreeable and nutritious. These are apparently the hardships of the 
human condition : but a regard to their moral and intellectual effect will strip them of the 
character of disadvantages. If endowed with a high degree of physical force, if free from 
the necessity of culinary preparation, if naturally arrayed against the exigencies of 
climate, and thus constituted with a greater amount of personal independence, — it may 
reasonably be inferred, that civilisation would not have made its present advances, that 
mental capacity would have remained largely undeveloped, and the career of man have 
exhibited a succession of melancholy oscillation, between intemperate ferocity and selflsh 
indolence. The sense of his weakness and the pressure of his wants have contributed to 
call forth his resources, to stir up the gift and faculty divine,” to rouse inventive powers 
to action, which would otherwise have continued dormant, and to excite benevolent 
affections, by the demand he is compelled to make for the society of his kind ; and thus the 
very disabilities of his mere animal being tend to evoke his higher nature, and to 
accomplish one of the designed ends of his creation by sheer intellectual power, that of 
having “ dominion over the fowl of the air, and over the fish of the sea, and over the 
cattle, and over every creeping thing that creepeth on the earth.” 

The liuman population of the globe has been commonly rated at eight hundred millions, 
but this estimate is probably too low. The statements of geographers vary considerably, 
as appears from the following estimates of two of the most distinguished, MM. Maltc 
Brun and Balbi. The former justly remarks, that all the calculations that have been 
made upon the subject are chimerical, and that it is impossible to state any which shall 
even approximate to the truth. 


Europe 


Malte Brun. 
170,000,000 

Balbi. 

227,700,000 

Asia 


- 320,000,000 

390,000,000 

Africa 


70,000,000 

60,000,000 

America - 


45,000,000 

39,000,000 

Occanica 


- 20,000,000 

20,300,000 

Total 

- 

625,000,000 

737,000,000 


But however uncertain the numbers of the human race, maritime and inland discovery 
show the wide disf)ersion of the species, to the extreme bounds of vegetable life ; and the 
extraordinary facility of the human frame in accommodating itself to diverse circumstances. 
There are but few tracts of land which have not within their limits an indigenous human 
population. The antarctic continent, the Falkland Isles, and Kerguelen’s Land, with Nova 
Zembla and Spitzbergen in the northern zone, are the principal exceptions. St. Helena 
is also another ; for when that island was discovered, in 1501, it was only occupied by sea- 
fowl, occasionally visited by seals and turtles, and covered with forest-trees and s^ubs. 
However small the coral islands of the Pacific, and remote from continents, they have in 
general their families of men. The New World, though very scantily peopled, has the 
Esquimaux at its northern extremity, within ten degrees of the pole, and the Fuegians at 
its southern end, perhaps in the lowest condition in which humanity exists upon the face 
of the globe. In the Ancient World, we every where meet with traces of man and of his 
works, except in the zone of deserts ; and even here he has planted his race in the oases, 
the verdant islets of the great ocean of sand. In situations, high and low, dry and moist, 
cold and hot, we find members of the family to which wc belong, enduring the extremes 
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of temj)erature, a degree of heat which on the banks of the Senegal causes spirits of wine 
to boil, and of cold in the north east of Asia which freezes brandy and mercury. 

This wide diffusion of the species, occupying every variety of climate, soil, and 
situation, necessarily involves the fact of man being omnivorous, or able to derive support 
from all kinds of aliment ; for otherwise, if his nourishment depended exclusively upon 
animal or vegetable food, various regions where the race exists and multiplies would be 
incompatible with the easy maintenance of human life. In the cold and frozen nortli, 
beyond the range of the cereal plants, where excessive poverty marks the only vegetation 
that appears, the tribes of Esquimaux draw their support entirely from the land and 
marine animals, principally from fish and seals ; and this is also the case with the miserable 

Petcheres, inhabiting a corresponding 
district in the southern hemisphere, the 
chill and barren shores of Tierra del 
Fuego. On the other hand, the con- 
dition of many interior tropical coun- 
tries is not propitious to the subsist- 
ence of an extended population of the 
domestic animals and the common ce- 
realia, owing to the number of the 
beasts of prey and the interchange of a 
flooded and a parching soil ; and there 
we find large families of men chiefly 
sustained by a {Kiculiar farinaceous diet, 
the fruits of the plantain and the palm. 
In th(^ temperate zone, a plentiful 
siipjdy of both animal and vegetable 
food is met with, which mingle in the aliment of the inhabitants. Thus, as we approach the 
poles, man does not live by bread at all, the Esquimaux beitig unacquainted with it; while 
approaching the equator he is mainly supported by vegetable nutriment ; and intermediabi 
between them, he is strikingly omnivorou.s, various kinds of grain and flesh composing 
the staff of life. Some naturalists have proposed a classification of mankind, according to 
the species of food by the use of which they are distinguished. Thus we have Carnivorous^ 
or flesh-eaters ; Ichthyopha§ists, or fish-eaters ; FrugivorouSy or fruit and corn-eaters ; 
Acridophagists, or locust-(*aters ; Geophagists, or earth-eaters ; AnthropophagistSy or 
man-eaters ; and Omnivorous, or devourers of everything. But we have no tribes of men 
that exclusively belong to any one of these clas.ses. The only clear division that can h(* 
made of the human race, taking their food as a characteristic, is the very general one 
already stated, between the inhabitants of polar, temperate, and tropical regions ; and 
growing intercommunication is constantly le.ssening the amount of difference even here, by 
transporting the aliment yielded in abundance in one district to another naturally destitute 
of it. The locust-eaters include some of the wandering Arabs of northern Africa and 
western Asia, where the crested locust, one of the largest species of the tribe, is made use 
of for food, both fresh and salted; in which last state it is sold in some of the markets of 
the Levant. Morier, in his Second Journey to Persia, observes, that locusts arc sold at 
Bushire as food, to the lowest of the peasantry, when dried ; and he adds, that “ the locusts 
and wild honey, which St. John ate in the wilderness, are perhaps particularly mentioned 
to show, that he fared as the poorest of men.” The Otomacs, one of the rudest of the 
American tribes, living on the banks of the Orinoco and its tributaptes, are geophagists, 
or earth-eaters. When the waters are low, they live on fish and turtles ; but when the 
rivers swell, and it becomes difficult to procure that food, they eat daily a large portion of 
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clay, for the purpose of allaying hunger. Humboldt found in their huts heaps of it in the 
form of balls, piled up in pyramids three or four feet high. The substance is fine and 
unctuous, of a yellowish-grey colour, containing silica and alumina, with three or four 
percent of lime. 

In considering the distribution of mankind, it is an obvious refiection that, to secure 
the general diffusion of human life, the same necessity did not exist, as in the case of 
plants and animals, for parent stocks to be originally planted in different regions of the 
globe. It has been correctly remarked, tl^t had an individual of each tribe of plants, and 
a pair of each tribe of animals, been called into being in one and the same spot, the 
Linnaaan hypothesis, large regions, separated by wide seas and lofty chains of mountains 
from the country containing that single spot, would for ever have remained almost, if not 
entirely, destitute of plants and animals, unless at the same time means had been provided 
for their dispersion far more effectual than any which we behold in operation, and a 
constitution more accommodated to diverse climates had been given to them. To accomplish 
the dissemination of animal and vegetable life, to an extent commensurate with the 
capacity of the globe, separate regions were supplied with distinct stocks of plants and 
animals. But the case of man required no such arrangement to secure a large occupancy 
of the earth with his species. Endued with a constitution capable of accommodating itself 
to extreme diversities of climate, and with intelligence to invent methods of protection 
against atmospheric influences ; enabled also by the same intelligence to devise means of 
transport over the most extensive seas, and across the most formidable ranges of mountains, 
it is clear, that, possessed of these capabilities, the whole habitable earth might be reple- 
nished with his race from the location of a single pair. This is the doctrine of the Mosaic 
history, and also of another part of the sacred record, which declares that God “ hath 
made of one blood all nations of men for to dwell on all the face of the earth and 
notwithstanding numerous and important diversities, the conclusions of philosophical 
inquiry are clearly in harmony with it, establishing the unity of mankind. 

Before touching upon the question of the common nature and origin of the human race, 
a necessary preliminary to the question of their diffusion, it may be requisite to state the 
sense of certain terms of common occurrence in natural history, as species, genus, and 
varieties. A race of animals, or plants, which constantly transmit from one generation to 
another the same peculiar organisation, constitute what is technically called a species; and 
two races are held to be specifically distinct, where a marked difference of organisation 
exists, which is unvaryingly transmitted. A species therefore includes those animals and 
plants which may be presumed to have sprung from the same parent stock. “ We unite,” 
Bays De Candolle, ** under the designation of a species, all those individuals who mutually 
bear to each other so close a resemblance as to allow of our supposing that they may 
have proceeded originally from a single being, or a single pair.” The term genus has a 
more comprehensive signification. It is applied to a group of animals or plants, the 
several tribes of which seem constructed after a common general model, each being 
distinguished from the rest by a peculiarity of organisation, for which we cannot account 
but by supposing them to have proceeded from originally different individuals. Animals 
of the horse kind, which includes the ass and the zebra, furnish an example of genus. 
They display the phenomena of general resemblance, but with such marked differences, 
which are regularly transmitted, that we cannot suppose them the common offspring of 
the same individuals, but to have descended from originally different pairs. Animals of 
the feline race, as the cat and the tiger, and of the bovine kind, as the ox, buffalo, and 
bison, are similar instances of genera* A genus therefore embraces several species. But 
within the limits of a species varieties occur, or deviations from the type exhibited by the 
parent stock, which are due to external causes, climate, soil, food, and other agencies. 
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which have an obvious and marked effect upon animal and vegetable forms^ however 
little their operation is understood. Some of these varieties are transient, but others 
become fixed and permanent in the race, and are so optically striking, as in several cases 
to suggest the idea of a specific difference, where the species is identical. Now, the 
question to be considered in relation to man is, whether the diversities which he exliibits 
in different parts of the globe are compatible with his race coming under the denomination 
of a species, having a common ancestry ; or whether it forms a genus including several 
tribes, having a general resemblance, but so characteristically different as to lead the 
philosophical investigator to the verdict, that the diverging streams of humanity have 
originated independent of each other, and have not proceeded from the same fountain- 
head. 

In prosecuting this inquiry, one method to be adopted is to review the principal 
external differences observable among mankind, as to complexion, structure, and stature ; 
and examine, whether analogous diversities appear among the lower animals within the 
limits of the same species. If it is ascertained that corresponding phenomena to the 
human variations occur in the case of animals belonging to an identical species, the chief 
objection is obviated to the unity and common origin of the human kind. 

1. The most obvious distinction displayed by mankind is that of colour^ in relation to 
the skin, hair, and eyes, which, with few exceptions, are well known to have a certain 
correspondence, intimating their dependence on a common cause. Thus light-coloured 
hair is very generally in alliance with light blue or grey eyes; but a relation of the 
complexion of the skin to the hue of the hair is still more invariable. Persons of light 
hair have a fair and transparent skin, which assumes a ruddy tint by exposure to the 
light and heat of the sun, while the complexion of black -haired individuals is of a darker 
cast, and acquires a bronze shade in proportion to the intensity of the solar influence 
admitted to it. The dark-haired women of Syria and Barbary are indeed frequently very 
white ; but this is owing to the careful avoidance of exposure to the effect of climate, which 
Prichard calls, a being “ bleached by artificial protection from light, or at least from the 
solar rays.” He discriminates three principal varieties of mankind, taking the colour of 
the hair as the leading character, which he styles the melanic, the xanthous, and the 
leucous. The melanic or black variety includes all individuals or races who have black 
or very dark hair ; the xanthous or fair class embraces those who have either brown, 
auburn, yellow, flaxen, or red hair; and the leucous or white variety comprises those 
who are commonly called albinos, whose hair is either pure white or cream-coloured. 

The great majority of the human race belong to the melanic or black-haired variety, 
the corresponding hue of the skin being pronounced by Prichard the natural and original 
complexion of the human species. This hue varies from the deepest black to a copper and 
olive colour, and to a much lighter shade. The Senegal Negros are jet black, and the 
natives of Malabar, with other nations of India, are nearly so. In some races, the black 
combines with red, and in others with yellow, as in the instance of the copper and olive 
coloured tribes of America, Africa, and Asia ; and the same indigenous population 
furnishes examples of great discrepancy as to the character of the tint. “ The great 
difference of colour,” says Bishop Ileber, of the Hindoos, “ between different natives struck 
me much. Of the crowd by whom we were surrounded, some were black as Negros, 
others merely copper-coloured, and others little darker than the Tunisines, whom I have 
seen at Liverpool. It is not merely the differences of exposure, since this variety of tint 
is visible in the fishermen who are naked all alike. Nor does it depend on caste, since 
very high caste Brahmins are sometimes black, while Pariahs are comparatively fair. It 
seems, therefore, to be an accidental difference, like that of light and dark complexions in 
Europe; though where so much of the body is exposed to sight, it becomes more 
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striking here than in our own country. Two observations,” he elsewhere observes, “ struck 
me forcibly ; first, that the deep bronze is more naturally agreeable to the human eye 
than the fair skins of Europe, since we are not displeased witli it even in the first instance, 
while it is well-known that to them a fair complexion gives the idea of ill health, and of 
that sort of deformity which, in our eyes, belongs to an albino.” The same class 
includes the swarthy Spaniards, and the inhabitants of southern Europe in general, who 
have dark hair, with the nielanic complexion only strongly dilute, which characterises the 
olive, copper coloured, and negro nations. In the xanthous or light-haired variety, who 
have commonly grey or azure blue eyes, combined with a fair complexion, which acquires 
a ruddy instead of a bronze tinge on exposure to heat, some whole tribes in the temper- 
ately cold regions of Europe and Asia are included. Red or yellow hair and blue eyes 
peculiarly characterised the old Gothic races according to the testimony of Tacitus, and 
are prevalent among their descendants at present. But examples of the xanthous variety 
present themselves in every dark-haired race, and we gather from Homer, that it was 
not uncommon among the Greeks of his time to find a melanic family. “ The Jews, like 
the Arabs,” says Prichard, “ are generally a black- haired race ; but I have seen many Jews 
with light hair and beards, and blue eyes ; and in some parts of Germany, the Jews are 
remarkable for red bushy beards. Many of the Russians are light-haired, though the 
mass of the Slavonian race is of the melanous variety. The Laplanders are generally of a 
dark complexion, but the Finns, Mordouines, and Votiaks, who are allied to them in race, 
are xanthous. Many of the northern Tungusians, or Mantschu Tartars, are of the 
xanthous variety, though the majority of this nation arc black -haired.” Even among the 
more swarthy races of the melanic class, as the Negros of Senegal, examples of fair- 
haired individuals, with the corresponding complexions, occur ; and the native stock of 
Egypt supplies similar instances, as appears from the light brown hair of some of the 
mummies. The leucous or white variety includes no entire race of people; but 
occasionally albinos, with perfectly white hair and skin, and red or pink eyes, appear in 
all countries; — among the xanthous tribes of Europe, the copper-coloured nations of 
America, and the pure blacks of Africa. The phrase, white Negros, though a literal 
contradiction, exactly expresses the physical fact — a white individual of a black stock. 
In some instances, pure white and black children have mingled in the same family, the 
offspring of black parents. 

The springing up of individuals, distinguished from their parents, and from the 
particular race in general to which they belong, by a different complexion, evidenced by 
the occurrence of albinos, and the more frequent grafting of a xanthous variety upon a 
melanic stock, or the reverse, renders the presumption strong, that those diversities of 
colour which discriminate nations from each other, are mere varieties of a species, due to 
local causes, which, though they evade our scrutiny, certainly operate to an inferior 
extent, and yet with an analogical effect in families at present. The difference in the 
cases is chiefly one of degree and of duration ; but this presents no difiiculty when we 
consider, that strongly marked varieties of colour have been introduced among animals of 
the same species, and have become permanent from which a similar phenomenon may reason- 
ably be inferred, in relation to the human race. In the Mysore there are three varieties 
of colour in the sheep ; they are red, black, and white, and these are not distinct breeds. 
The ass of the Carnatic presents singular varieties of colour ; some are of the usual ash- 
colour, while others are almost black, in which case the cross on the shoulders disappears. 
Milk-white asses are also to be found, but they are rare. These are not distinct species, 
for black individuals have sometimes ash-coloured colts, and vice versd» Some remarkable 
facts are mentioned by Azara with reference to the colour of horses and oxen in Paraguay. 
It is well known that both these races have run wild in South America, and the climate 
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being congenial to them, have multiplied prodigiously in the fertile plains in the neigh- 
bourhood of the river de la Plata. Azara says that all the wild horses are of a chesnut 
or bay-brown colour, while the tame horses are of all colours, as in other countries. Hence 
he conjectures this to be the original colour of the race. He makes a parallel observation 
respecting the ox. Varieties in the colours of animals sometimes spring up casually 
and sporadically ; in other instances they are generally prevalent in particular breeds. In 
the diflFerent parts of England, Wales, and Scotland there are different breeds of cattle 
and of horses. In some districts, the oxen are always black ; in others, brown or spotted. 
The cattle of particular countries are immediately recognised by their colour. Blumenbach 
has noticed many examples of the same kind. He remarks that all the swine of Piedmont 
are black ; those of Normandy, white ; and those of Bavaria, of a reddish brown colour. 
The same author observes that the oxen of Hungary are of a greyish white ; in Franconia, 
they are red. Horses and dogs are spotted in Corsica ; the turkeys of Normandy are 
black ; those of Hanover almost all wliite. In Guinea, the dogs and the gallinaceous 
fowls are as black as the human inhabitants of the same country.” 

The cause of the introduction of these varieties of colour among the inferior animals of 
the same species, whicli have become permanent, is involved in great obscurity ; but we 
have good reason to suppose that differences of climate, situation, food, and habits are 
some of tlie influential agencies in their production, cliiefly perhaps the former, which 
api)ears to operate to a considerable extent in tlie various colouring of the human race. 
Both the plants and animals of hot regions display the deepest colours with which we are 
acquainted, while lighter shades are characteristic of those that are situated in cold 
countries. Within the tropics, the birds, beasts, flowers, and even fishes have the 
respective hues of their feathers, hairs, petals, and scales uniformly vt^ry deeply tinctured ; 
while, as we recede from the equator, the colour of the animal races progressively becomes 
of a lighter cast, till, approaching the poles, white is their common livery. The same 
remark is true very generally of the complexion of mankind. The black, dark-brown, and 
copper colours prevail in equatorial districts ; the lighter olive is distinctive of the nations 
immediately north of the tropic of Cancer ; and still lighter shades become more universal 
in the higher latitudes. The Abyssinians are much less dark than the Negro races, for 
though their geographical climate is the same, their physical climate is very different, 
the high table-land of the country [)lacing them in a lower temperature. Shut up within 
the walls of their seraglios, and secluded from the sun, the Asiatic and African women 
are frequently as white as the Europeans ; while, in our own country, exposure to the sun 
is well-known to produce a deeper complexion, and artificial protection from its influence 
is adopted to preserve a fair and unfreckled skin. The larvae of many insects deposited 
in dark situations are white, and acquire a brownish hue upon being confined under 
glasses that admit the influence of the solar rays. Facts of this kind indicate tlie 
powerful operation of diverse climates in the various colouring of the human skin, and are 
sufficient to show, that the different complexions of mankind are mere varieties of species, 
introduced and rendered permanent by the continued action of local causes. 

2. The next most obvious and important of the human differences involves variety of 
structure, especially in the shape of the skull. Taking this as the basis of a classification, 
Professor Blumenbach proposed a division of mankind into five grand classes — the 
Caucasian, Mongolian, Ethiopic, American, and Malay, which has been very generally 
adopted. The principal descriptive particulars of each, as given by that distinguished 
naturalist, are the following ; — 

In the Caucasian race, the head is of the most symmetrical shape, almost round ; the 
forehead of moderate extent ; the cheek-bones rather narrow, without any projection ; the 
face straight and oval with the features tolerably distinct ; the nose narrow, and slightly 
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arched ; the mouth small, with the lips a little turned out, especially the lower one ; and 







the chin full and rounded. This is the most elegant variety of the human 

form, and the most perfect ex- amples of it are found in the regions 

of Western Asia, bordering on Europe, which skirt the southern foot of 

the vast chain of ^ the Caucasus, from whence the class 

derives its name, ^ which is near what is sup- 
posed to be the parent spot of the human race. 

Circassians and 

^ Greorgians, the most exquisite 

models of female beauty. But 
j|\ the Caucasian class includes na- 
tions very dissimilar apart from 
head. Its members are of all 
complexions, from the Hindoos and Arabs, some 
\( whom are as black as the Negros, to the 
V Danes, Swedes, and Norsemen, who are fair, 
flaxen hair and light blue eyes. The class 
^ comprises the ancient and modern inhabitants 
of Europe, except the Laplanders and Finns, the 
V Turks and Magyars. It comprises also the 

mil ' toitm ancient and modern inhabitants of Western Asia, as 

lili) W!\ ^ ^ Ox us, the Belurtagh, and the Ganges — 

such as the Assyrians, Babylonians, Medes and Persians, 
Sarmatians, Scythians, Parthians, Jews, Arabs, and Syrians, 

^ the tribes of Caucasus, the Armenians, AflTghans, and Hin- 

\ ^ ^ ^oos. It includes likewise the Africans who live on the 

shores of the Mediterranean, and throughout the Sahara, 
the Egyptians and Copts, the Abyssinians, and the Guan- 
% r- ^ ches, or ancient inhabitants of the Canary Islands, with those 

^ , Europeans who have colonised America and other parts of 

the world. The colour of the Caucasian class seems mainly to depend 
on climate, on the degree of solar heat to which there is exposure, for they are all born 
with light complexions, and become dark only as they grow up, and are more freely acted 
on by the sun. Their hue is found to deepen by a regular gradation from the farthest 
north, where the members of this class are very fair, through the olive coloured inhabit- 
ants of Southern Europe, and the swarthy Moors of Northern Africa, till the gradation 
ends with the deep black natives of the African and Arabian deserts, and of inter-tropical 
India. The lighter shades of colour, however, prevail among the Caucasians, and hence 
they are correctly styled the white race, though some of them are jet black. Their hair 
is variously melanic and xanthous, always long, and never woolly like that of the Negros. 

In the Mongolian class, that of the brown man of Gmelin, the head, instead of being 
round, is almost square ; the face is broad and flat, with the parts imperfectly distinguished ; 
the arches of the eye-brows are scarcely to be perceived. The complexion is generally 
olive, sometimes very slight, and approaching to yellow ; but none of this class are 
known to be fair. Tlie eyes are small and black ; the hair, dark and strong, but 
seldom curled, or in great abundance ; and there is little or no beard. This division 
embraces the tribes that occupy the central, east, north, and south-east parts of Asia ; the 
people of China and Japan, of Thibet, Bootan, and Indo-China, the Finns and Laplanders 
of Northern Europe., and the Esquimaux on the shores of the Arctic ocean. Climate 
influences the colour of many of this class, those parts of the body protected from the sun 
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winff much liirhter than those that are uncovered. Dr. Abeel mentions, that when he 

o ® . . .1 -.r a. : 


saw the Chi- nese boatmen throw off their clothes, for the purpose of entering 

/: the water to push along the boats, they appeared, 

NESE quite naked, as if dressed in light-coloured 

-1 trowsers. 

^ Ethiopic division, that of the black 

^ Gmelin, the head is narrow and com- 

pressed at the sides ; the forehead very convex 
vaulted; the cheek-bones project forwards ; 
nostrils are wide, the nose spread, and is 
‘ r ^ almost confounded with the cheeks; the lips 

are thick, particularly the upper one; the lower 
projects considerably ; and the 
/’ M: f ^ skull is in general thick and heavy. The iris 

which is deep-seated, and the skin 
T class, are black, as well ns the hair, which 

is generally woolly. These characteristics of 
the Negros vary less than those of the two former classes, because they are chiefly con- 
fined to one climate within the tropics, whereas the Mongolians and Caucasians are 
spread through every variety of temperature, from the equator to the polar circle. The 
division comprises the native Africans to the south of the Sahara and Abyssinia, and of 
course those who have been transi)orted to the West Indies and America, the natives of 




New Holland and 
Pacific Ocean and the 
this class exhibits a 
not wanting of beauty 






%’arious tribes scattered through the Islands of the 
Indian Archipelago. Though, for the reason stated, 
great general uniformity, examples are 
of feature, and fine stature and propor- 
tions, in several races belonging to this 
department of mankind. 

The American variety, that of the red 
> man of Gmelin, approaches to the Mon- 
Im golian, but the head is less square ; the 
r cheek-bones are prominent, yet not so 
r - I angular as in the Mongol ; the forehead 

is low, the eyes deep-seated, and the fca- 
tures, viewed in profile, are strongly 
iif, ^V- ^a-i'ked. The skin is red, or of an obscure oranges, 
rusty iron, and copper colour, sometimes nearly 
black, according to climate and circumstances. 
The native American tribes and nations, excepting the Esqui- 
maux, and the descendants of African and European colonists. 


belong to this class. 

In the Malay class, that of the tawny man of Gmelin, the top of the head is slightly 
narrowed ; the face is less narrow than that of the Negro ; the features are generally 
more prominent ; the hair is black, soft, curled, and abundant ; the colour of the skin is 
tawny, but sometimes approaching to that of mahogany. The division embraces the 
principal tribes of the Indian archipelago, and all the islanders of the Pacific, excepting 
those which belong to the Ethiopic variety. 

The preceding five great divisions of Blumenbach are reduced by some naturalists to 
three, who consider the Malay class to be only a sub-variety of the Caucasian, and the 
American a sub-variety of the Mongolian. Cuvier gives only three distinct well-marked 
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divisions, the white or Caucasian, the yellow or Mongolian, and the Negro or Ethiopia ; 

at the same time stating 
that Several tribes di- 

t ^ ^reality, the more ex- 

tended arratigement of 
Blumenbach is but a 




\ very imperfect classifi- 

^ Aafinti nf mnnlrinil. flnr 


Caucasian of 
from the ancient 




^ cation of mankind, for 

•• '^notonlyin^vidualsbut 
‘ ^ - whole tribes, incorpo- 

rated in each particular division, have distinctive characters which separate them from the 
rest of the class, and some peculiarities of one division are frequently traceable in the others. 

Dr. Prichard distinguishes seven principal groups : 

The Iranian or Indo- Atlantic nations, including almost all the Europeans, all the North 
Africans, and the Asiatics within a line passing from the Euxine along the chain of the 
Caucasus, cutting the Caspian, following the Oxus nearly to the source of that river, 
thence turning south-east, and proceeding along the Himalaya 

mountain range ^ Ike Gulf of Bengal. This class corresponds to the 

Caucasian of Blumenbach, and is denominated Iranian 

from the ancient - ‘ proper appellation of the plateau of south- 

'-*4. western Asia, and Indo- Atlantic, because 

^ ^ stretching from India to the Atlantic on both 

l-k® Mediterranean. 

V The Turanian nations form the next divi- 

sion, comprehending all the Asiatics beyond 
mii X Oxus and Himalaya, denominated from 

Turan, the Persian name applied to all Asia 
apart from the table-land of Iran. The Ma- 
’V\„ . layo-Polynesians are included in this group, 

^ " ^ Finns, Lapps, Turks, and Magyars 

^ Europe, and the Esquimaux in America. 

rpjjg aborigines of Ajnerica, or those na- 
tions whose abode in that continent dates from a period antecedent to history, excluding 
the Esquimaux, form the third class, a well-marked division of the human family. 

The Negros, extending from the Sahara to the borders of the Cape Colony, with their 
transatlantic brethren, comprise the fourth class. 

The Hottentots and Bushmen compose the fifth group, occupying part of Southern 
Africa, most resembling the North Asiatics. 

The Papuas, or woolly-haired nations of the isles in the Malayan seas, frequently styled 
Oceanic Negros, are the sixth division. 

The last group includes the Alfourous mountaineers of New Guinea, and the native 
tribes of Australia. 


Attending exclusively to the form of the human skull. Dr. Prichard discriminates 
three leading varieties : — The symmetrical or oval form, which is that of the European 
and western Asiatic nations ; the narrow and elongated skull, of which the most strongly 
marked example is perhaps the cranium of the Negro of the Gold Coast ; the broad and 
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square-faced skull of the Mongols afford a fair specimen, and the Esquimaux an 
exaggerated one. 

The inquiry now recurs, whether these varieties are compatible with a view of the 
human race as a species, the offspring of a common stock ; and observing what transpires 
in the case of the lower animals, especially of the domesticated kind, the reply will be 
clearly in the affirmative. In fact, the diverse structure which arises in the same 
animal species is far greater than that apparent between one nation of men and another. 
The horse, ox, dog, sheep, and hog kind furnish indubitable examples of the truth of the 
assertion. “What a difference,” says Blumenbach, “is there between the horses of 
Arabia and Syria and those of northern Germany ; between the long-legged oxen of the 
Cape of Gk>od Hope, and the short-legged breeds of England;” and he asserts that 
“ there is less difference in the form of the skull in the most dissimilar of mankind, than 
between the elongated heads of the Neapolitan horse and the skull of the Hungarian 
breed, which is remarkable for its shortness and the extent of the lower jaw.” Professor 
Pallas remarks, that a series of skulls, from the large head of the wild horse, to the short 
head of the Hungarian breed, or the slender head of an English racer, would display 
more remarkable deviations than any that can be found in the crania of the human races. 
Blumenbach states of the hog tribe: — “ No naturalist has carried his scepticism so far 
as to doubt the descent of the domestic swine from the wild boar. It is certain that 
before the discovery of America by the Spaniards, swine were unknown in that quarter of 
the world, and that they were first carried thither by Europeans. Yet, notwithstanding 
the comparative shortness of the interval, they have in that country degenerated into 
breeds wonderfully different from each other and from the original stock. These 
instances of diversity, and those of the hog tribe in general, may therefore be taken as 
clear and safe examples of the variations which may be expected to arise in the 
descendants of one stock. Tlie whole difference between the cranium of a Negro and that 
of a European is by no means greater than that equally striking difference between the 
cranium of the wild boar and that of the domestic swine. Those who have not observed 
this in the animals themselves, need only to cast their eyes on the figure which 
Daubenton has given of both.” Similar instances of variation of structure arising in 
species, in the case of the inferior animals, might readily be adduced in abundance, and 
must be accepted as evidence that diversity of structure in the human race is consistent 
with the doctrine of its unity. 

3. The other principal physical variations observable between different nations refer to 
the proportion of the limbs, to stature, to the texture of the skin, and to the character of the 
hair. Large hands and broad and flat feet are among the peculiarities of the Negro ; 
and in general, the arm below the elbow is more elongated in proportion to the length of 
the upper arm and the height of the person, than in the case of Europeans. But 
among the latter, individual examples of the same constructions occur, while among the 
former, instances of structure after the European type may be found. As it respects 
stature, the variations are not remarkable in relation to the majority of mankind, but a 
striking discrepancy appears upon comparing a few isolated tribes. America exhibits 
the extremes of stature, in the Esquimaux who are generally below five feet, and in the 
Patagonians who are usually more than six, and frequently as much as seven ; but 
individual specimens of both extremes are observed among the inhabitants of almost every 
country. Europe has of^en presented the human form developed in gigantic and dwarfish 
proportions. The contrasts are striking with reference to the texture of the skin, that 
of the Negros and some of the South Sea islanders being always cooler, more soft, and 
velvety than that of the Europeans. Connected probably with varieties of the skin in 
texture are the various odours which it is well-known belong to different races. “ The 
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Peruvian Indians,*’ says Humboldt, “ who in the middle of the night distinguish the 
different races by their quick sense of smell, have formed three words to express the 

odour of the Europeans, the Indian 
" Aji Americans, and the Negro.” The 

diversities are great and obvious 
in the character of the hair, from 
Negro, which is short 
^ and crisp, and has acquired the 

name of wool, to the long, flowing, 

between which there are many 

Precisely parallel varieties are 
^ y ^ ascertained to arise in the same 

_ ■ .-r race of animals. Those of the 

domestic kind “vary from each 
Jjl ^ V' other in size much more than in- 

( t dividuals the most different in 

^ stature among mankind. The 

- 7 ^ 1/1//I (^ET^ -i s. - small Welsh cattle, compared with 

the large flocks of the southern 
counties in England, or the Shetland ponies with the tall-backed mares of Flanders; 
the bantam breed with the large English fowls, are well-known examples. More 
striking instances are mentioned by naturalists. In the isles of the Celebes, a 
race of buffaloes is said to exist, which is of the size of a common sheep ; and Pennant 
has described a variety of the horse in Ceylon not more than thirty inches in height.” 


The swine of Cuba, imported into that island from Europe, have become double the height 
and magnitude of the stock from which they were derived. The disproportionate arm of 
the Negro and leg of the Hindoo meet an exact parallel in the swine of Normandy, the 
hind-quarters of which are so out of keeping with the fore, that the back forms an inclined 
plane to the head ; and c^s the head itself partakes of the same direction, the snout is but 
a little removed from the ground. Among domesticated animals, no species afford more 
striking specimens of modifleation in structure than the hog tribe. The external forms 
which the race has assumed surpass in monstrosity the most extraordinary diversities of 
the human frame. “ Swine,” observes Blumenbach, “in some countries have degenerated 
into races which, in singularity, far exceed every thing that has been found strange in 
bodily variety among the human race. Swine with solid hoofs were known to the 


ancients, and large breeds of them are found in Hungary and Sweden. In like manner 
the European swine first carried by the Spaniards in 1509 to the island of Cuba, at that 
time celebrated for its pearl-fishery, degenerated into a monslrous race, with toes that 
were half a span in length.” The texture of the skin of several species of animals is 
different in a wild and in a domesticated condition ; and the character of the hair exhibits 
analogous variations to that of the tribes of mankind. In the instance of a neglected 
flock of sheep, the fine wool is soon succeeded by a coarser kind, and the breed approxi- 
mates to the argali, or wild sheep of Siberia, the original stock, which are covered with 
hair. The covering of the goat and dog displays the same variety. Thus, the several 
external distinctions from each other which the nations of men develop, must be admitted 
to be plainly compatible with their forming a single species, when distinctions of a 
parallel nature, but more numerous and singular, have arisen within the limits of a species 
in the inferior animal creation. It may be difficult, nay impossible, to explain the phe- 
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nomena of external variation ; but surely it would be a matter of surprise if it did not 
exist, considering the variation of external circumstances — arctic cold and tropical heat 
— flowery savannahs and arid deserts — civilisation and barbarism — liberty and oppres- 
sion — scantiness of food and an abundant supply — nutritious diet and a feebly support- 
ing fare — the feeling of security and the sense of danger. 

If the existence of varieties of structure and complexion offers no argument against the 
common nature and origin of the millions of mankind in the slightest degree valid, their 
identity as a species is strongly supported by adverting to the general laws of their 
animal economy. These have reference to the manner of their birth, the period of gesta- 
tion, the duration of life, and the casualties in the form of diseases to which they are 
subject ; and, in all these respects, a general coincidence proclaims the unity of the human 
population of the globe. As to longevity, it is the case indeed that the barbarian tribes 
are shorter-lived than the cultivated races ; but this is owing to the physical hardships 
under which they suffer, and to ignorance of the appropriate remedies to use under the 
assailments of sickness, freedom from the former and the knowledge of the latter being 
possessed by all civilised nations. Facts prove that, in circumstances favourable to ex- 
treme longevity, the Europeans, the most polished communities, have no pre-eminence 
over the tribes of Africa, among the It'ast advanced in the social scale. Mr. Easton 
of Salisbury gives the following instances of advanced age from the Europeans and 
Asiatics : — 



In A. D. 

Aged 


In A. I). 

Aged 

Apollonius of Tyana 

- 99 

130 

Henry Jenkins 

1670 

169 

St. Patrick 

491 

122 

Countess of Desmond - 

1612 

145 

Attila ... 

- 500 

124 

Thomas Damme 

1648 

154 

Leywaroh H6w - 

500 

150 

Peter Torton . 

1724 

185 

St Coemgene 

618 

120 

Margaret Patters 

1739 

1S7 

Piastus, King of Poland - 

• 861 

120 

John Rovin and Wife - 

1741 

172 and 164 

Thomas Parr • 

1635 

152 

St. Mongah or Kentigem 

1781 

185 


In juxtaposition with this list, we may place the following observation of Humboldt 
relating to the native Americans : “ It is by no means uncommon,” he remarks, “ to see 
at Mexico, in the temperate zone, half-way up the Cordillera, natives, and especially 
women, reach a hundred years of age. This old age is generally comfortable ; for the 
Mexicans and Peruvian Indians preserve their strength to the last While I was at 
Lima, the Indian, Hilario Sari, died at the village of Chiguata, four leagues distant from 
the town of Arequipa, at the age of one hundred and forty-three. She had been united 
in marriage for ninety years to an Indian of the name of Andrea Alea Zar, who attained 
the age of one hundred and seventeen. This old Peruvian went, at the age of one 
hundred and thirty, a distance of from three to four leagues daily on foot.” 
Dr. Prichard, from various sources, collected a variety of remarkable instances of Negro 
longevity, of which the two following are samples : — 

December 5th, 1830, died at St. Andrew’s, Jamaica, the property of Sir Edward Hyde 
East, Robert Lynch, a negro slave in comfortable circumstances, who perfectly recollected 
the great earthquake in 1692, and further recollected the person and equipages of the 
Lieutenant-governor Sir Henry Morgan, whose third and last governorship commenced 
in 1680, viz. one hundred and fifty years before. Allowing for this early recollection 
the age of ten years, this negro must have died at the age of one hundred and sixty. 

Died, Feb. 17th, 1823, in the bay of St. John’s, Antigua, a black woman named 
Statira. She was a slave, and was hired as a day-labourer during the building of the 
gaol, and was present at the laying of the corner-stone, which ceremony took place one 
hundred and sixteen years ago. She also stated, that she was a young woman grown 
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when the President Sharp assumed the administration of the island, which was in 1706 
Allowing her to be fourteen years old at that time, we must conclude her age to be 
upwards of one hundred and thirty years. 

The same authority received from a physician at St Vincent’s, as an answer to his 
query, the statement : — “I have known a great many very old Negros whose exact ages 
could not be ascertained. At the time of the hurricane in 1831, 1 had a record of the 
mortality in the wliole of my practice from the year 1813, and in every year there were 
deaths of Negros computed to be sixty, seventy, or eighty years of age, and upwards. 
My father will be eighty-four years old in May next, and the Negro woman who carried 
him about as a child is still living, and at the age of ninety-six enjoying good health, 
upright in figure, and capable of walking several miles.” It may be true that the Negros 
regarded in mass exhibit a shorter term of life than the European average ; but this is 
sufficiently explained by the privations of their lot in the colonies to which they have 
been transported, and by an unfavourable climatic influence and geographical site in 
their native country. The preceding facts show, that there is no law forbidding the 
Negro to attain a longevity equal to that of the European in circumstances friendly to it ; 
while placing the European in subjection to the same amount of toil in the West Indies, 
or planting him amid the swamps, the luxuriant vegetation, the inundations, and heat of 
Western Africa, and his term of life in general would not come up to the Negro standard. 
It appears from the researches of Major Tulloch, as embodied in statistical reports 
printed by the House of Commons, that neither the Saxon, nor Celtic, nor mixed race, 
composing the troops of Great Britain, can withstand, even under the most favourable 
circumstances, the deleterious influence of a tropical climate. It is shown, also, that this 
result is not to be attributed to intemperance, the besetting vice of all soldiers; for though 
temperance diminishes the eflects of climate, and adds to the chances of the European, it 
is by no means a permanent security. So far as regards the vast regions of the earth, 
the most fertile, the richest, the question as to their permanent occupancy by the Saxon 
and Celt, as Britain, or France^ or any other country, is now occupied by its native 
inhabitants, appears, from these reports, to be answered in the negative. “ The Anglo- 
Saxon is now pushing himself towards tlie tropical countries ; but can the Saxon maintain 
himself in these countries ? It is to be feared not. Experience seems to indicate that 
neither the Saxon nor Celtic races can maintain themselves, in the strict sense of the 
word, within tropical countries. To enable them to do so, they require a slave population 
of native labourers, or of coloured men at least, and, in addition, a constant draught from 
the parent country. The instances of Cuba, Brazil, Mexico, and Columbia, where the 
Spanish and Portuguese seem to be able to maintain their ground, do not bear so directly 
on the question as many may suppose ; for, in ,the first place, we know not precisely the 
extent to which these have mingled with the dark and native races ; and secondly, the 
emigrants from Spain and Portugal partook, in all probability, more of the Moor, Felasgic, 
and even Arab blood, than of the Celt or Saxon,” 

A careful comparison of different tribes leads to the conclusion, that the general 
phenomena of human life, or those processes which are termed the natural functions, the 
laws of the animal economy, are remarkably uniform, making allowance for the influence 
of climates, of modes of living, of localities, and of the accidents which interrupt the 
natural course. The age of puberty announces itself by corresponding symptoms, and that 
of advanced life by analogous signs of decrepitude, the decrease of the humours, the loss 
or decay of sight and of the other senses, and a change in the colour of the hair. All 
communities of men appear open to the attack of all kinds of disease, though a few haunt 
particular districts, and of course only prey upon those who are exposed to their invasion. 
In some cases, it is only tlie old inhabitants of these neighbourhood that are attacked, as 
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in the instance of the plica polonica, which afflicts the Sarmntie nice on and near the 
banks of the Vistula, from whicli the German residents are in a great measure IVee. But 
this proves no specific difference between the two, but only sliows, that, to acquire a 
I predisposition to certain local complaints is a work of time, and will probably appear in 
I new settlers after the lapse of centuries. There is a well-marked variety in the constitu- 
! tion of nations, and in their liability to certain given disorders; but the difference between 
the torpid American and the irritable European is not greater than the common varieties 
of constitution which meet us within the bounds of the saim; family, and which render its 
different members peculiarly subject to diflerent complaints. The conclusion to which 
these considerations point — that of the identity of mankind as a species — is strongly 
supported by the fecundity of the offspring of parents of difteront races. Hunter and 
other naturalists have advanced it as a law, that if the offspring of two individual animals 
belonging to different breeds is found to he capable of proiu’iaition, the ])an*nt animals, 
though differing from each other in some particulars, are ol‘ the sauu; sj>ecics; and if the 
offspring so engendered is sterile, tlien the races from whicli it descended are originally 
distinct. This is a position to which there are many excejitions ; but it is undoubtedly 
true, that the energy of propagation is very defective in tlie (iroduct of a union of difler- 
ent species. Tried by this test, the inference is in favour of a common nature belonging 
to all mankind ; for the mixture of originally far-separated human races has n^pcatedly 
resulted in a numerous population, physically equal, and in many instances superior, to 
either branch of the ancestral stock. 

It has suited the views of some interested parties in time past, who have their repre- 
sentatives at present, to pron()unc(‘> certain trib(‘s of men to be, distinct species from the 
whites, constituted upon a type jdiysically and mentally inferior to that of the CauiMisian 
nations. This assumption has b(;en embraced in ordin* to excuse the, aggressions of the 
lattifr upon the persons and propiu’ty of the former. Ks[K;cially has the n(‘gro been sub- 
ject to this treatment; and mental incayiacity has been inferred IVom his retreating fore- 
head and depressed vertex. But this favourite doctrine of the slavc-owjier has b(*,cn 
amply refuted by the heroes, politicians, and legislators among the emancipated black 
population of Hayti, — by members of the same race, in other districts, when under cul- 
tivation, displaying a power of intellect, and loftiness of moral cliaraeter, which would 
reflect honour upon any of the whites, — and by the, testimony of travelhirs, that, apart 
from cultivation in his native wilds, the negro is capable of all the beiujvolent and social 
feelings of our nature, and nieridy ilevelopes the efl’eet of unfavourable circumstances. 
The latter varying in nature and degree, will account satisfactorily for every case of 
physical and mental diderioration presented by the human races — the Australians, 
Fuegians, and Bosjesmans ; for many an f^xamjile has occurred of Europeans, brought 
under their influence, undergoing a marked degeneration. 

A variety of evidence, psychical and moral, physical and philological, rebukes the 
ancient boast of Attica, that the Greeks dcsc(uide<l from no other stock of men, the first 
occupants of the country springing out of the soil, — an opinion held by the populace, but 
not the creed of the philosophers. One of the most distinguished anatomists of tlie day, 
w'ho cannot be suspected of any prejudice upon the question, Mr. Lawrence, draws this 
induction from an extensive series of facts and reasonings — “that the human species, like 
that of the cow, sheep, horse, and pig, and others, is single ; and that all the differences 
which it exhibits, arc to be regarded merely as varieties.” In what particular spot the 
location of the primal pair was situated, and what race now makes the nearest approxi- 
mation to the original type, are points of some interest, but of no importance, and 
are now involved in an obscurity which it is impossible to remove. That the primi- 
tive man occupied some part of the country traversed by the Tigris and Euphrates, 
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appctirs to bo tbc best supportod opinion, ns it is tli6 most goneral j nnd from tbonco 
there is no difficulty in conceiving the difFusion of the race to the remotest habitable 
districts, in the course of ages. In the infancy of society, an increasing population would 
speedily outstrip the means of subsistence to be found in a limited district, inducing the 
necessity of emigration to an unoccupied territory — a proceeding which the natural 
love of adventure, with the spirit of curiosity and acquisition, so influential in later ages, 
could not 1‘ail to facilitate. Considering the connection of Asia,, Ai’rica, and Europe, 
the approximation of the northern parts of the two great continents, with the contiguity 
of the islands of Asia to it, we cannot marvel, that the races spreading out to these points 
should devise means to cross rivers, scale mountains, penetrate into deserts, and navigate 
the sea. The spur of necessity, the excitement of enterprise, the stimulus of ambition, 
the occurrence of accident, and sometimes the influence of fear, created by the commission 
of crime, have all contributed to this result ; but perhaps man has more frequently 
than otherwise become the involuntary occupant of isolated and distant islets. Three 
inhabitants of Tahiti hud their canoe drifted to the island Wateoo, a distance of five 
hundred and fifty miles; and Make Brun relates, that, in 1696, two canoes containing 
thirty persons were thrown by storms and contrary winds upon one of the Philippines, 
eight hundred miles from their own islands. Kotzebue also states, that in one of the 
Caroline isles he became acquainted with Kadu, a native of Ulea. Kadu, with three of his 
countrymen, left Ulea in a sailing-boat for a day’s excursion, when a violent storm arose, 
and drove them out of their course. For eight months they drifted about in the open sea, 
according to their reckoning by the moon, making a knot on a cord at every new moon. 
Being expert fishermen, they were able to maintain tliennselvijs by the produce of the sea, 
and caught the falling rain in some vessels that were on board. Kadu, being a diver, 
Irequently went down to tlie bottom, where it is well known that the water is not so salt, 
taking a cocoa-nut shell with only a small opening to receive a supply. When these cast- 
aways at last drew near to land, every hope and almost every feeling had died within 
them ; but by the care of the islanders of Aur, they were soon restored to perfect health. 
Their distance from home, in a direct line, w^as one thousand five hundred miles. 
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by revolutions which have repeatedly submerged, elevated, and dislocated its frame- 
work. Disclosures of this nature — surpassing the marvellous fancies of an oriental 
imagination — so novel to the great crowd of men — so contradictory to the prevailing 
sentiments in which they are educated — have been received with no little distrust, and 
have exposed the geologist to no small amount of obloquy, from the parties who prefer 
cleaving to the tradition received from their fathens, and to the more obvious optical 
impressions, than to engage in any laborious exercise of the reflective faculties upon 
the phenomena of nature. In fact, geology has had to encounter the precise ditliculty 
with which astronomy had to contend in its early stages — that of being antagonistic 
in its decisions to habitual ideas, and to the first blush of sensible evidence: for as 
the eye recognises the revolution of the sun, and the fixedness of the earth, while 
science teaches the stability of the former, and the' rotation of the latter, — so the 
idea conveyed to the mind by the Cyclopean masonry of the limestone mountains, mass 
piled on mass, till the height of the clouds is scaled, is that of a hard and refractory sub- 
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stance, which has sternly stood its ground from the era of primeval time ; whereas the 
scientific investigator teaches, that its materials were once held in aqueous suspension, 
and its substance as susceptible of impression as the sand from which the tide of the ocean 
has just retired. Yet the proof is equally irresistible in the one case as in the other. 
The minute organisations which enter into the constitution of many of the towering clifls 
which proudly throw back the impetuous dash of the billows, and the exquisitely delicate 
markings by organic structures which they present — the impressions of plants, leaves, 
and shells, and the foot-prints of birds — proclaim with undeniable evidence the fact 
of a former soluble condition, and of great vicissitude having stamped its character upon 
them. ^ 

It is a distasteful task to the generality of mankind to unlearn. They do not willingly 
abandon notions that have grown with their growth, and strengthened with their strength, 
and struck their roots deep and fast into their “ heart of hearts.” Besides being mortifying 
to intellectual vanity to admit an error, they disrelish the mental disturbance occasioned 
by the breaking up of old associations of ideas, and the toil which a correct conception of 
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truth may require. Much of the suspicion with which the scientific have been visited, 
may be referred to prejudices in favour of early imbibed opinions, to which the demonstra- 
tions of science have been opposed — prejudices which are known in the pages of Lord 
Bacon as idola specus, tlie individual mind being the den to which that sagacious 
observer of human nature alludes ; and repugnant as it is to the owner and guardian of 
the mental cavern to have its chambers of imagery searched, and the occupant of any 
niche ejected, men have been compelled repeatedly to submit to the process, however they 
may have resisted the attempt. A country schoolmaster may still discourse of the four 
elements — fire, air, earth, and water; and his boys may look up to him as a prodigy of 
erudition ; tiirft chemical analysis teaches us to smile at tlie enumeration, though old as 
the days of the Greek philosophers. So the antiquated notion of the earth being an 
extended plane, like a table, — as motionless as that household instrument, the sun 
coming to take his daily peep at it, like a careful watchman on his rounds, — has 
vanished from the face of civilised society, though supported by the impression of the 
senses, once deemed essential to religious faith, and defended by ecclesiastical law. It 
becomes us therefore, when the decisions of science are contrary to our familiar ideas, to 
inquire into the soundness of both, and willingly to surrender our preconceived opinions 
to the force of truth, and not to array prejudice against knowledge. Even did the 
revelations of geological inquiry not admit of common minds entertaining the evidence 
upon which they rest, the decisions of the actual experimentalists invite regard, on 
account of their number, science, sagacity, moral character, means of information, and 


unwearied industry in em{)loying them. But however at variance several of its con- 
clusions may be with the convictions gathered from the ordinary ocular view of na- 
ture, it requires but a little attentive inspection of the face of a country — its sea-cliffs, 
beaches, mountain sides, rocky precipices, land-slij)s, and ravines, connected with a very 



slight reflection, to 
apprehend the so- 
lid foundation upon 
which the geologist 
grounds his doc- 
trines, of changes 
and catastrophes in 
the constitution of 
the superficies, as 
well as the vast 
epochs of time re- 
quired for the ag- 
gregation of strata : 
and to one who has 
read the record of 
mutation so clearly 
inscribed upon the 
surface of the globe, 
and has recognised 
its hoar antiquity as 
a legitimate deduc- 
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tion from the exist- 


ing monuments of its fluctuations, the wonder is, that with the same powers of observa- 
tion, the great mass in enlightened communities, until a recent period, should have re- 
mained so ignorant of the history of their terrestrial home. 


XI s 



GEOLOGY. 


614 

The time is happily going by, for aspersions to be cast upon the geologist, as if he were 
pursuing an unprofitable employment, or 

•* Had learned the art that none might name, 

In Padua, ^ beyond the sea.*' 

A fair comparison between the objects of his attention, and many of those which occupy 
their busy thought by day, and fevered dreams by night, who have pronounced his wisdom 
folly, would turn the tables upon his censors, and prove that folly must be assigned to 
them; while an enlightened use of his mental faculties, and means of knowledge, must be 
attributed to him. To visit a bed of chalk, a sandstone quarry, an erratic block, or an 
ossiferous cavern — to pick up shells, pore over a fossil, chip off portions of rocks, and 
store away the ungainly fragments in a cabinet — to examine the structure of strata, their 
dislocations, dip, and organic remains — to ascertain the aqueous or igneous origin of the 
vast mineral masses overlying the globe — to detect the substances which inhere in the 
composition of the earth’s surface, simple or combined, and become familiar with gneiss, 
hornblende, felspar, quartz, mica-slate, and the carbonate of lime, which gives marble to 

the statuary — these may seem, to the superficial observer, 
occupations barren alike of interest and profit, yielding 
only insipidity and toil to those who engage in them. 
But, in reality, they have relations which bring the in- 
quirer into immediate contact with some of the grandest 
movements of Providence in this lower world ; they may 
lead him, by a strict process of ratiocination, to results 
which will proclaim to his inward consciousness, that 
a wise and mighty Potentate “ sits upon the circle of 
the earth,” and that man, who is capable of “ feeling 
after Him,” is “ of subtler essence than the trodden clod 
they may be so conducted as to minister to the repose of 
his mind upon Him whose workmanship is investigated, 
and impress it with those sentiments of humility and awe 
which are so beneficial in their influence, yet so soon 
eflaced amid the bustle of this life’s customary labours. It 
is assuming what remains to be proved, to say — that it is 
in the vagueness of mere curiosity, or in the vanity of 
human nature, that the geologist looks abroad upon ter- 
restrial phenomena, recurring to periods in the past far 
removed from the present era, and to events which appear 
to have no direct bearing upon our existing condition and 
wants, lie is a part of the vast scheme of being which he 
seeks to explore. He indulges intellectual appetencies, 
which have been given him by the Father of spirits : he 
takes the faculty to observe, admire, and partially compre- 
hend, into a field furnished with impressive evidences of 
Divine power, intelligence, and goodness ; and the spec- 
tacle presented to his attention is a sublime one, and has 
its lessons of religious faith and practice to teach. The 
rudest stocks and stones that peep out of the greensward with which the soil is covered— the 
remains of organic life that have been buried from the light of heaven for countless ages, 
from the colossal megatherium to the microscopic infusoria — from delicate mosses to stately 
conifera) — bear witness to a Creator, and to animal and vegetable tribes with marvellous 
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organisations, flourishing upon the earth before the present races appeared, the monuments 
of His skill ; and while He is to be praised, for enabling man, with limited capacities, and 
inhabiting a spot so comparatively small, to acquaint himself with forms that have been 
blotted from the book of life, it is man’s obvious duty, and as much to his advantage, to 
contemplate these works of His hands, and demonstrations of His attributes. 

The acquirement of correct views respecting the condition of the crust of the earth, 
and the fluctuations it has undergone, is of very recent date; though several of the ancient 
Greek and Homan writers possessed no inconsiderable amount of geological knowledge. 
Strabo discussed the question of the occurrence of marine shells at a distance from the 
shore, and at great elevations, and oflered the theory of an upheaving cause in explanation, 
substantially the same as that adopted in modern times. The following passage from the 
philosophical geographer, written more than two thousand years ago, expresses the iden- 
tical proposition which forms the basis of Mr. Lyell’s introductory volume on the Princi- 
ples of Geology : ‘‘ It is proper,” he observed, “ to derive our explanations from things 
which are obvious, and in some measure of daily occurrence, such as deluges, earthquakes, 
volcanic eruptions, and sudden swellings of the land beneath the sea; for tlie last raise up 
the sea also ; and when the same lands subside again, they occasion the sea to be let down. 
It is not merely tlie small, but the large islands, and not merely the islands,, but the 
continents, which can be lifted up, together with the sea; and both large and small tracts 
may subside, — for habitations, and cities, like Bure, Bizona, and many others, have 
been engulfed by earthquakes.” In Lucretius, we have a description of monstrous 
quadrupeds, recognised as existing previous to man and the present race of animals, 
which might almost warrant the belief that some fossil gigantic skeleton had met his 
eye; — 

“ Hence, doubtless, earth prodigious forms nt first 
Gender’d, of face and members most grotesque ; 

Monsters, — half-man, half- woman — 

— shapes unsound. 

Footless, and handless, void of nioutli or eye, 

Or, from misjunction, maim'd of limb with limb. 

— Many a tribe has sunk su])prest, 

Powerless its kind to gender,” 

In tlie fifteenth book of the “ Metamorphoses ” of Ovid, the poet, when detailing the 
Pythagorean doctrines, adduces a series of examples of tliat process of change, attributed 
by the philosopher of Samos to nature, which sufficiently separate liiin from the class 
of speculatists, and entitle him to rank with physical inquirers. The chief instances of 
variation enumerated are — 

The conversion of the sea into dry land, and the dry land into sea. 

The occurrence of marine shells at a distance from the shores, and of anchors fixed on 
the summits of the hills. 

The reduction of hills to plains, and the scooping out of valleys in the plains by the 
action of floods, with the transportation of their detritus to the sea. 

The change of bogs into solid ground, and the formation of stagnant pools in dry 
places. 

The opening of springs, and the damming up of rivers, as the effect of earthquakes, 
compelling them to pursue a now course ; of which last jihcnoincnon, the Erasimus in 
Greece, the Lycus and Mysus in Asia Minor, are the given instances. 

The conversion of the waters of certain rivers from sweet to brackish, as those of 
Anigris and Hypanis. 

The increase of continents, by the junction of islands, through the growth of deltas and 



<Ufpr)sition from the sea, aA in the case of Pharos joined to Egypt, and Tyre to Syria, with 
tlie analogous instance of Antissu to Lesbos. 

The formation of islands, by tlie ocean cutting its way through ]:)eniiisulas, os Ltmcadia 
and Sicily, the latter recognised by tradition us having once IxMfn a portion of Italy, 

The subsidence of land during eurthr|uukes, letting in the sea, or gradually forming 
lakes, submerging the cities that once occupied those sites, as Boris and Ilelice in 
Gn?ece. 

riie uph<!aving of plains, and the diversions of level ground into mountains, as at 
'JV<ezene in lh<^ l*el(»ponin‘sus. 
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The disidacement and limited duration of volcanic vents. “ There was a time,” says 
Ovid, as the exponent of Pythagoras, “ when Etna wwis not a burning mountain ; and a 
time will arrive when it will cease to burn.” 

It must be acknowledged that the philosopher who noted such events as these, had 
acquired just views of the physical mutations to which our globe is subject, and of the 
complicated powers that operate in varying its condition. The path marked out by 
Pythagoras has been ably followed by Mr. Lyell ; and it scarcely admits of a doubt, that 
all geological phenomena are the effects of physical forces now in action, however 
questionable his general proposition respecting the perfect equality of their intensity in 
ancient and in modern times. The changes wrought by these natural agencies in the 
sweep of ages, acting with varying vigour, — of which any one who has eyes, and will use 
them, may see the evidence, — were never better illustrated than by an Arab fable, beautiful 
for its simplicity, and striking for its truth. It occurs in a manuscript of the tliirteenth 
century, in the following narrative from an allegorical personage : — 

“ I passed one day by a very ancient and populous city, and I asked one of its 
inhabitants how long it had been founded? ‘It is indeed, a mighty city,’ replied he ; ‘we 
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know not how long it has existed ; and our ancestors were on this suhjcct ns ignorant ns ^ 
ourselves.’ Some centuries afterwards, as I passed by tiie same place, I could not perceive j 
the slightest vestige of the city. 1 diiraanded of a peasant, wlio was gathering herbs ujmn i 
its former site, how long it had been destroyed ? ‘ In sooth, a strange question,’ replh*d 

he; ‘ the ground here has never been diHerent from what you now beiiold it.' ‘ Was 
there not,’ said I, ‘ of old, a splendid city here ? ’ ‘ Never,’ answered he, ‘ so far us we know ; 
and never did our fathers speak to us of any such.’ 

“ On my return there again, after the lapse of other centuries, I found the sea in the 
same place, and on its sliores wtire a party t»f lishermen, of whom 1 inquired how long 
the land had been covered by the waters ? ‘Is this a question,’ said they, ‘ for a man like 
you? This spot has always been what it is now.’ 

“ I again returned ages afterward, and the sea had disappeared. I inquired of n man 
wdio stood alone upon tla; ground, liow long ago the change had tak(?n place ? aiul he gave 
me the same nnsw'er that 1 ha<l rec<‘iv(‘d befon*. 

“ Lastly, on coming hack again, after atietpial lapse of time, 1 found tliere a flourishing 
city, more populous and more rich in buildings than the city I had seen the first time; 
and wlien I would fain have informed myself regarding its origin, the inhabitants answered 
me, — ‘ Its rise is lost in reiu<il(^ antiquity ; w(‘ are ignorant how long it has existed; and 
our fnth(T3 wen^ on this snhj(*et no wiser tlian ourselves.’” 

With the exception of this myth, which pn‘s«‘iits us with a graphii', picture of tlio 
pliysical history of the (airth, thert* is ncUhing of interest, in a gei>h>gieal point of view, in 
the interval betwcHni tiic loss of the ancient civilisation, and the dawn i>f true inductive 
science. Dreamers resolved fossil shells and fishes into lusus natunPy and attributed tluun 
to “ a plastic virtue latent in the earth,” or to “ the tumultuous mov^iments of terrestrial 
exhalations,” or to the influence of the heavenly bodies. Scott, in bis “ Marmu>n,” refers to 
a legend once prevalent in the neighbourhood of Whitby, that the ammonite shells, which 
are common in that vicinity, had formerly been snakes, which the foundress of the abbey, 
St. Hilda, succeeded in decapitating by her prayers, and then converting into stone : — 

“ .'tnd how the nuns of Whitby told, 

How of countless snakes, each one 
Was changed into a coil of stone — 

When holy Hilda pray’d. 

Themselves within their sacred bound 
Their stony folds had often found.” 

It was not until the end of the seventeenth century that the animal origin of fossil remains 
was generally admitted ; and tlie eigliteenth was drawing to its close before an extended 
and enlightene<l prosecution of geological pursuits commenced. No individual contributed 
more to enlist votaries in this service than Werner did, by the charm of liis eloquence, 
liowever unfortunate in the theory lie advanced, which referred the formation of all rocks 
to chemical precipitation from water. Abraham Gottlob Werner was born in the year 
1750, at Welslau on the Queiss, in Upper Lausitz, where his father had the sujierintendence 
of a foundery. He gave the child minerals for playthings, who thus hccarne acquainted 
with their names and characters in his tender years, and imbibed that love for mineralogy 
which distinguished his advanced life. Appointed, in his twenty-fifth year, proflissor of 
that science in the School of Mines at Freiberg, and subsequently Chancellor of the 
mines of Saxony, he devoted himself to mineralogy, and to advance views of the structure 
of the earth ; soon attracting round him, by his captivating mode of lecturing, a number 
of admiring students, among whom the names of Alexander Humboldt, Von Bflch, 
D’Aubuisson, Jameson, Englehart, and Emmerling occur. It was maintained, in the 
Wernerian system, that volcanic action is of recent date, and was inoperative in the early 
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history of the globe ; that all rocks — basaltic, trap, and granite — as well as the secondary 
and tertiary beds-— had been produced by a series of depositions formed in succession 
from water; and hence the followers of Werner took the name of Neptunists, in the con- 
troversy which ensued with the disciples of Hutton, who were called Vulcanists, as the 
advocates of igneous action. Werner proceeded to generalise upon few and insufficient 
datSy taking Saxony as a miniature picture of the earth; though even here many 
appearances were overlooked or misinterpreted. The fallacy of his doctrine respecting the 
aqueous origin of all rocks is now universally admitted ; but the faults of his system 
should not blind us to the merits of the man, who was one of the first to recognise the 
existence of natural groups of strata in a certain order of superposition^ and who succeeded 
in enthusiastically attaching some of the finest minds of the day to geological inquiry— in 
several instances, to aid in overthrowing the theory of the teacher. 

A contemporai’y of the Freiberg professor, in Scotland — Dr. James Hutton — proposed 
views concerning the formation of the mineral masses, founded upon the phenomena of 
universal nature, which, though little appreciated in his lifetime, at last completely 
exploded the theory of the Neptunists, and now rank among well-established geological 
doctrines. The object of Hutton was not to explain the origin of things, but to elucidate 
their existing state, by the agency of known causes. The following propositions are the 
leading features of his system : — 

1 . That a great portion of the crust of the globe is formed out of more ancient mate- 
rials ; that all the stratified rocks consist of the remains of other strata, more ancient than 
themselves. 

2. That the greater part of the present continents, having once existed in a sedimentary 
state at the bottom of the sea, must have been consolidated by some powerful agent ; that 
this agent is subterraneous heat, which is freed from the objections urged against it, by 
the principle of compression restraining the volatility of many substances, which cannot 
exist upon the surface except in the form of gas, and compelling tliem to remain in com- 
binations impossible under the pressure of the atmosphere alone. 

3. That the stratified rocks, instead of liuving a horizontal position, being actually 
inclined at various angles, or even vertical, — being inflected, broken, and the portions 
often detached from each other, beds of tlie same character occurring at various elevations, 
and sometimes at the greatest heights above the sea, — they have been raised, therefore, 
by some (expansive force acting from beneath, which approximates closely to the cause 
of the volcano and the earthquake : this force is heat. 

4. That veins, whether metalliferous or composed of stony substances, are of posterior 
formation to the strata which they intersect ; that their materials have generally been 
melted, and (ejected from Inflow ; and that this condition extends to the masses of 
wfliinstone, granite, and other unstratified rocks, which are sometimes interposed among 
the sedimentary strata, and which have been forced up through or injected among them, 
heat being the cause of the pnqmlsion. Hutton appears to have arrived at these* views 
by a course of independent investigation, though anticipated in a few points by some 
Italian writers; and all modern observation has tended, wliile slightly modifying his 
principles, to confirm and extend them in the main. There are no geologists of note 
who do not agree in the following doctrines; that the granitic, trappean, and basaltic 
masses are the result of simple fusion; that the rocks of igneous origin have been 
violently injected among the stratified deposits, by an upheaving force, elevating and 
indurating them, at various epochs; and that this mighty power from within, is the 
expanding property of internal heat, whatever be its nature or its cause. 

The igneous theory, during the life of its author, and for some years after his death, 
encountered general neglect, and, from various quarters, virulent opposition. Some 
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unguarded expressions alarmed the religious world ; and the odium of infidelity becoming 
attached to his name, the current of public opinion set in strongly against his views. On 
the other hand, Werner had obtained the adherence of the scientific, by his zeal and 
eloquence ; and his system being supposed to be valuable evidence in favour of the diluviaii 
catastrophe in the sacred records, it received the homage of the public mind. The 
continental geologists especially were steady Wemerians long after the doctrines of 
Hutton had become the established faith of the English philosophers. Cuvier, in his 
eloge of De Saussure, read in the year 1810, remarked, that “he overthrew the doctrine 
of central fire — of a source of heat placed in the interior of the globe,** and continued to 
the last “ a believer in the aqueous origin of granite.** Eight years afterwards, in 1818, 
in pronouncing his eloge of Desmarest, Cuvier speaks of a “ new sect, to which the 
of Plutonians had been assigned, because they went so far as to attribute to the action of 
fire, rocks, even the most universally expanded over the surface of the globe, and which 
no person till then had ever dreamed of withdrawing from the domain of water !” Again, 
in the same Hoge, alluding to Von Buch’s researches in Auvergne, Cuvier observes, with 
surprise : “ In his enthusiasm, from having been a zealous Neptunian, he became almost 
Plutonian. It is not basalt alone that he ascribes to volcanic action : porphyry itseH 
whicli forms a protub(*rance of more than sixteen leagues in diameter, of which Mont 
lyOr is the centre, has heeii, if not thrown out, uplifted hy volcanic power!** It is 
evident, that down to the period refiuTcd to, the illustrious Frenchman was a disciple of 
the Wernerian school ; and this was the case also with most of tlie continental physical 
inquirers, when the igneous theory, having emerged from ohscurity in England, had 
coiKiuered op[>osition, and won the assent of Jameson, Mucculloch, Bucklund, and 
Conyheare. 

In a sketch of the progress of knowledge relative to the economy of the underlying 
masses which ohservation can reach, it is inqiossihle to omit tlie name of William Smith, 
— commonly, and justly, called the father of English geology, — who, without the furniture 
of high education, or the advantages of wealth and patrqnage, conduetcal a series of 
lahorious examinations of the stratified formations, chiefly in the midland and southern 
counties of his native country, and arrived at the discovery of a fact, which Scdgewick 
has styled “the master-principle of our science.” Commencing his career us a humble 
surveyor, his mind soon became imjjressed with a <leci» conviction of the regular succession 
and continuity of strata; and by a minute, analysis of them, he grasped the truth, that the, 
organic remains of animal and vegetable life in the earth were definitely distributed. By 
a course of patient investigation, he reached the sublime conclusion, that each stratum, 
wherever it occurred, in detaclied masses, and in distant localities, j)re8ented its own 
peculiar species of fossils, and might be identified by this characteristic murk ; so that, 
exhibiting a particular fossil, it might instantly be declared from what rock, and even 
bed of stone or clay, tlie specimen had been derived. The important doctrine was thus 
established, that there had been a systematic succession of life in the ancient earth ; tliat, 
during the formation of its stratified crust, different races of animals and plants liad 
appeared and vanished ; each stratified rock being thus a kind of museum, preserving 
specimens of the organic life existing during the period of its deposition. Tha coming in 
of new organic forms, and the extinction of those that pre-existed on the earth, realises 
the sentiment expressed in a line of Ariosto, ^^Nalura il fece, c poi rvppe la stainpa^ 

“ Nature made it, and then broke the die.” Besides developing this important doctrine, 

“ Stratum Smith,” as he was familiarly culled, took the lead in constructing a geological 
map of England, which, though supersedfjil by the labours of Mr. Greenough, was worthy 
of his name, and gave the hint for making those surveys, hy the practical illustration of 
their advantages, which Macculloch, Von Buch, and others followed in their respective 
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countries. Of this work, D'Aubuisson observed, “tliat what many celebrated mineralogists 
had only accomplished for a small [)art of Germany, during half a century, had been 
effected by a single individual for the whole of England.” Upon the importance and 
interest of geological investigations becoming more extensively appreciated, societies were 
organised at home and abroad for the purpose of facilitating such inquiries, whose 
published transatitions are monuments of the admirable energy and strict j)hilosopliical 
spirit with which the object has been pursued; nor is it too much to say, that no individuals, 
in any age of the world, have established a stronger claim to confidence than the members 
of the Geological Society of London by their personal labours, to arrive at a just know- 
ledges of' facts. Jt has he<;n the grand maxim of that institute to multiply and record 
aeremrate observations, heaving theory in abeyance until sufficient materials for general- 
isation have btjeti gathered ; a principle which has been faithfully kept in view, and 
which has equally distinguished the researclies of the leading geologists of the Continent. 

To this department of scieiH^e, many of the arts of life are indebted for their rapid 
advance in modern times; and its cultivation may justly be regarded as one of the elements 
of our social prosperity. An improved agriculture has resulted from tlic knowledge of 
the nature of soils, and of the due admixture of those ingredients — clay, flint, and lime — 
which constitute the most fertile and the least exhaustible land ; while the operations of 
draining, and of conducting moisture to dry and friable soils, lias been facilitated by an 
acr|uuintaiice with the strata of districts, their disturbances, and lines of dislocation. The 
civil engineer, who has to construct a railroad or a canal, geology directs in the route to 
be pursued through thosii de[)osits which are workable at the least expense, or whose 
masonry and mineral contents will yield the best return to the promoters of the enterprise ; 
and, from the same source, the architect receives valuable aid in the selection of building 
materials. Oxford and Lath furnish many examples of crumbling edifices, of which also 
the Capitol at Washington is an instance, having been constructed of a stone that readily 
yields to the action of the atmosphere ; and hence the British senate, in erecting new 
Houses of Parliament, referred the selection of the material to a commission of geologists, 
by whom one from the magnesian mountain limestone was chosen. Some of the finest 
works of art have become disfigured or entirely ruined in the lapse of time, in consequence 
of the ignorant selection, by the sculptor, of stone liable to chip and decompose, or 
impregnated with the metallic oxides. But it is especially in the conduct of mining 
operations that geology has displayed its practical utility. A knowledge of the position 
occupied by the coal or ironstone strata, and of the rocks usually associated with them, 
has guided the capitalist to the spot where he might engage in the search for these 
products with the least chance of disappointment ; and had the directions of science been 
sought in many instances, and followed, vast sums would have been saved to the community, 
that have l>een expended upon a useless quest. Deceived by appearances, or misled by 
designing individuals, coal has been sought by public companies at a great expenditure, in 
the wealden formation of Sussex, the oolites of Oxfordshire and Northamptonshire, and the 
Silurians of Radnorshire ; whereas an attention to the simplest principles of geology would 
have shown the folly of such schemes. Because Pennsylvania is rich in coal, it was 
imagined in the neighbouring state of New York that the precious gift might be found 
there also; and the resemblance of certain Silurian rocks on the banks of the Hudson river 
to the bituminous shales of the true coal formation, appeared to sanction the surmise. 
Accordingly mining adventurers squandered away a large amount of capital in sinking 
shafts there, below the carboniierous series, until geology, at the invitation of the 
legislature, authoritatively declared the futility of such attempts. 

Besides its economical value, geological science possesses a thrilling dramatic interest 
which invests it with peculiar fascinations. It unfolds the successive conditions of the 
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world at far distant epochs of time, and the various forms of organic life (hat wero 
coincident with them, with the action of mighty forces tliat have repeatedly t hanked its 
surface, sweeping numerous tribes of plants and animals from the catalogue of tl.c”arth’s 
inhabitants and involving tbem in the oblivion of ages, till the discovery of tlieir ivn.,,!..! 
in the fossiliferous rocks. « We learn,” says Sedgcwick, “ that the manifeslatio.ts of Cod’s 
power on the earth have not beet, limited to the few thou.sat.d years of man’s existence. 
The f?colo«r,st tells us, hy the clearest interpretatiim of the phenomena which his hihours 
have brought to light, that our globe has Iw.c-n snbj<*ct t<» vast physical rovolutions. lltt 
counts his time, not hy celestial cycles, but by an irulex he has found in tin* solid fraiin*- 
work of the globe itself. He sees a long siieeession of moiiunicnts, each of w'hieh may liavc 
required a thousand ages for its elaboration. He arranges tlu‘m in chronological ord(T, 
observes in them tlie marks of skill and wisdom, and linds within them tin* tombs of the 
ancient inhabitants of the earth. He finds strange, and unlooked-for changes in the forms 
and fa.shions of organic life, during each of the long periods he thus eontemjilates. He 
traces thuse changes backwards, through each sueeessivi^ era, till he reaches a time when 
the monmnents lose all symmetry, and the types of organic life are no longer seen. He 
has then entered on the dark age of Nature's history ; and he closes the old chapter of 
her records.” Th(\se are revelations ealeulated to stimulnti^ inti^lleetiial action, and to 
apply a wholesome diseijdine to the iiiiiid, while expanding it hy an obvious moral 
lesson. However the phtaiornena in detail may he interpnded, th<‘re can la? no (piestion 
about th(‘ general explanation ; and clear enough is the iaet, that through the revo- 
lution of centuries mankind were completely in the dark respecting both tin* mcirhuiiism 
of the heavens and the economy of the earth. Kven now, though the threshold of the 
temple of knowledge has been passtid, how little can man explain the realities that luiv<*, 
dawned upon his apprehension! Both facts give an impressive rebuke to human into- 
lerance and jiride; and esi>eeially teach us to avoid an air of ct‘nsoriousness towards those 
who differ IVom us in judgment, because of the manifest fallibility of the nature which we 
inherit. 
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THE stim:ctu«e and classification of nOCKS. 














^1|‘l lift'" popular language, the word rock instantly suggests the 

*. ^ buge, compact, and hard substance. This is not 

' ~ gcndogical signification of the term. It is applied to 

every kind of formation which constitutes the crust of the 
globe, from the loose sand and gravel of our pathway, 
and the soft clays that lie beneath the surface soil, to the close-grained, heavy, and 
majestic masses of granite that form the highest Alps, or of porphyry that crown the 
summits of the Andes. These materials, so various in texture and diverse in form, 
are found upon analysis to be comjiounded of a very few elementary substances. Che- 
mistry, which, like all science, takes us back from the most complex results to the 
most simple causes, has been brought sufliiriently to bear upon the matter of the globe 
to show, that but a scanty number of elements enter into its composition. Simplicity 
in the causation, and am[)litiule in the result, is one of the laws of the all-potent Creator, 
which may well excite our admiration. It meets us in every department of nature, and is 
very strikingly developed by cliemical analysis of the ponderous mass upon which we tread, 
and the nmgnifieent elevations whose tops are screened from our notice by the clouds of 
heaven; for nearly the whole of the matter yet known to enter into the composition of our 
terrestrial spheroid — the phenomena of every mountain that rises, and every valley that 
sweeps — every forest that waves and every ocean that roars — may be referred to about 
sixteen simple substances variously combined. The difference between the simple and 
compound state of these elements is often most remarkable. It is a curious result of che- 
mical science, that while oxygen and nitrogen compose the principal part of the atmosphere, 
and oxygen and hydrogen constitute water, a largely diffused fluid, — oxygen, which is 
a light and invisible gas in its simple state, enters largely into combination with the 
earths and metals, and is supposed to compose fully one half of the solid contents of the 
glolK?. Tlie number of simple substances, or those out of which nothing different from 
themselves can be obtained, amounted in the year 1787 to seventeen, in 1802 to twenty- 
eight ; but the number at present known amounts to fifty- five. They are : 

Five gases — oxygen, hydrogen, nitrogen, chlorine, and fluorine. 
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Seven non-metallic liquids and solids— sulphur, phosphorus, selenium, iodine, bromine, 
boron, and carbon. 

Tlu*ce metallic bases of the alkalies — potassium, sodium, and lithium. 

Four metallic bases of the alkaline earths — bai'ium, strontium, calcium, and 
magnesium. 

Six metallic bases of the earths — aluminum, silicum, yttrium, glucinum, thorinum, 
and zirconium. 

Thirty metals whose combinations with oxygen produce neither alkalies nor earths, and 
which are all solid but mercury— manganese, zinc, iron, tin, cadmium, arsenic, antimony, 
copper, molybdenum, chromium, tungstenum, uranium, columbium, nickel, cobalt, cera* 
nium, titanium, bismuth, tellurium, lead, mercury, silver, gold, platinum, palladium, 
rhodium, osmium, iridium, vanadium, lantane. 

The most important of these elementary substances, on account of their prevalence in the 
constitution of the globe, are — oxygen, carbon, sulphur, aluminum, silicium, potassium, 
sodium, calcium, magnesium, and iron, a specific description of which may be found in 
any chemical treatise. The preceding ingredients, either singly or combined, compose 
the simple minerals, differing from each other in shape, colour, lustre, and hardness ; and 
all rocks are either mineral aggn^gations, or formations of only one mineral. The lead- 
ing mineral substances of which rocks are composed are the following : — 

Quartz, or siliceous earth. This is one of the hardest and most abundant substances in 
nature. It forms independent mountainous masses ; occurs in veins intersecting moun- 
tains ; is a constituent part of flint, chalcedony, rock-crystal, sandstone, and granite ; and 
is found in some vegetable productions, as the stalks of reeds, and the outer coating of the 
bamboo, which will strike fire with steel. The white crystals of granite, and the white 
grains of sandstone, are of (juartz. 

F elspar, a compound of siliceous and clay earths, with a portion of potassia, lime, and 
oxide of iron, is also an abundant mineral, but less hard than (pmrtz. The soft gray 
crystals of granite, which can easily be scratched, arc of felspar. It is sometimes white, 
cream coloured, or red, jiassing through various shades, according to the quantity of the 
oxide of iron. Containing a large proportion of aluminum or clay earth, felspar is 
employed in the manufa(?ture of pottery ware, Cornwall furnishing the principal part of 
that used in England. The Peiitlarid Hills are almost entirely composed of it ; but it is 
there too much tinged with the metallic oxide to be serviceable in the arts. 

Mica, a term derived from the Latin tnivans, glittering, is a compound of alumina, 
silica, magnesia, and oxide of iron, and is so called from its lustrous appearance. The 
transparent portions of granite are of mica, and it occurs in many sandstones, giving them 
a silvery aspect. 

Talc, a substance closely resembling mica, is distinguishable from it by being 8<jfter, 
and more brittle and inflexible. 

Chlorite, nearly allied to talc, differs from it in cidour, deriving its name from the 
Greek chloros, green. In the composition of many of the Alpine granite rocks, talc and 
chlorite take the place of mica. 

H ornblende, a combination of silica, alumina, magnesia, lime, oxide of iron, and man- 
ganese, is m a deep green eolour, and sometimes black. It is a prevalent ingredient in 
many igneous masses, occurring in beds, veins, and granular pieces in compound rocks, 
and forming entire mountains, the trap rcjcks consisting of it. Of a similar composition 
are the greenish minerals augite and actynolite. Serpentine contains the same ingredients 
as hornblende, but in different proportions, having more magnesia and less iron. It 
derives its name from its spotted colours, resembling those of tin; serpent’s skin. 

Carbonate of lime, the constituents of which are lime and carbonic a(;id, enters largely 
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into the composition of animal bodies, forming the solid parts of the bones and teeth, and 
the shells of many molluscs. It enters also into the composition of vegetables, is diffused 
in the ocean in the form of muriate of lime, forms marble, chalk, and limestone, of various 
degrees of hardness, and is supposed to constitute one seventh of the crust of the globe. 
It exists in great purity in calcareous spar, and in the Carrara marble used in statuary ; 
but limestone often occurs intermixed with other ingredients, as magnesia, alumina, silica, 
or iron. 

Iron, in some combination, as an oxide, sulphuret. or carburet, occurs abundantly, and 
is supposed to constitute at least three per cent, of all known rocks. Rust is an oxide of 
iron ; pyrites, or the small yellow cubes found in roofing slate, a sulphuret ; and graphite, 
a carburet^ also known under the names of plumbago and black lead, is found in great 
purity in Borrow dale in Cumberland. 

These are the simple minerals which form the great mass of rocks, though others com- 
pose large independent beds, or occur extensively in connection with those enumerated, 
modifying the character of their respective structures ; as sulphate of lime, or gypsum, 
the plaster-stone of commerce ; chloride of sodium, or common salt, found in sea- water, 
and in masses constituting rock 'Salt ; bitumen, found liquid in petroleum or roi4-oil, solid 
in osphalte, and mixed in common coal ; garnet, schorl, and steatite. Rocks are either 
simple, formed by a single mineral, or compound, several uniting in their composition, — in 
general from two to four. Thus quartz, limestone, and common salt exist by themselves 
in large masses ; while granite is a compound of the crystals of quartz, felspar, and mica. 
Some rocks appear sim|)le, which are in reality compounds, owing to the different 
materials of which they consist having been so much ground down, previous to conso- 
lidation, as to make the formation api»ear homogeneous, as in several varieties of shale 
and slate. Among the compound rocks, the granitic have their grains or crystals 
united together without a cement ; in the porphyritic, distinct crystalline masses, of a 
different composition from the base of the rock, are imbedded in it, as in a kind of paste ; 
in the amygdaloidal, there are round or kernel-shaped cavities, filled with mineral 
matter, distinct from that which forms tlie basis. Angular fragments of rock, of the 
same or different kinds, cemented together by iron or carbonate of limc^ infiltrated 
through the mass in a state of solution, constitute a breccia; and large fragments of 
stone, whether angular or rounded, imbedded in strata of hardened clay or sand, form a 
conglomerate. 

From the composition of rocks, which includes their chemical and mineral character, 
we proceed to notice their mechanical structure, or the internal and external appeai’ances 
which they present. 

The Internal Structure of rocks refers to the manner in which the constituents of each 
particular species are arranged, the leading varieties of which are the granular, the 
fibrous, the porous, and the laminar. The texture of the granular exhibits distinct grains 
of different sizes, as granite, which frequently assume a regular and well-defined 
crystalline form, the several crystals being <H)nfnsedly mixed and compacted together, at 
all |)oint8 interfering with each other, exhibiting the appearance of a simultaneous 
formation. The fibrous texture is a compost of long and minute fibres, as in asbestos, 
which is called acicular when the fibres have a distinct needle-shaped appearance. 
Pumice-stone is an example of the porous texture, being penetrated by pores, which is 
styled cellular, or vesicular, when the pores swell into rounded cavities resembling cells 
or vesicles. The laminar texture— also called slaty, fissile^ and schistose — is an arrange- 
ment of the substance of rocks in thin plates or divisions. It appears in gneiss, felspar, 
and mica-slate. Mica is readily split into thin, flexible, and transparent plates, which 
before the general introduction of glass w«‘i*e frequently used to form window-panes, and 
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arc said to be so used at present in some remote parts of Russia. Tliese Inmiiw, however, 
often give an ap(>earance of fissilily to a rock which is deceptive, the layers separating 
with great difficulty. Though in general parallel to the greater lines of stratification, the 
lamination is frequently inclined and wavy. Fig, 1. shows several varieties. Occasionally 
the lamination is highly undulating, tortuous, and angular. Fig, 2. is an instance of very 
contorted lamination, from a loose block of gneiss, two or three feet thick, in Colebrook in 



Connecticut. Fig, 3. is a specimen of zigzag or angular lamination, from the coal. In a 
bed of diluvial clay, in Deerfield in Massachusetts, disturbed layers of clay appear in- 
tervening between others, which are horizontal and undisturbed, ns in Fig, 4, The dis- 
turbed laminae here must have received their flexure subsequent to diqiosition by some 
operation acting upon them alone. The laminar struc^ture is almost entirely confined to 
rocks which have been originally produced by deposition in water, and its varieties are 
the result of the different circumstances under which deposition has taken place, together 
with pressure acting upon the mass while yet in a plastic state. Thus the horizontal 
parallel larninm result from quiet deposition in still waters upon a level surface. 'I'he waved 
laminm bear witness to deposition in shallow water, and show what is commonly called 
the ripple-mark, wliich we may every day observe upon our own shores, for, when the 
tide has ebbed, there is tlie impression of its retreating ripjdes on the sand. The in- 
clined laminm may have been caused by deposition on a variously inclined shore; and the 
highly contorted and zig-zag laminations have probably re.sulted from lateral or vertical 
pressure operating after deposition, before the strata had la^come indurated. It will be 
seen that the laminar structure of a stratum bears the same relation to it, as its own 
stratification does to a w hole series of beds. 


The external structure of rocks may be cimvenieiitly considered undiT thetw o grand classes, 
of the stratified and unstratified, which include every kind of formation. The unstratified 
rocks are those of igneous origin, as granite, porphyry, and serpentine, which show no 



regular divisional structure resembling a series of beds, but occur ia enormous masses, only 
broken by irregular fissures in different directions. Their aspect to the eye is variously 
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globular, pointed, or indeterminate, as in figs, 6, 7, 8. The appearance of stratification is 
sometimes presented, but the deception is readily detected, not only by the nature of the 
rock, but by the lines which seem to indicate it, running into each other, and extending 
only short distances, as in fig, 9, But the phrase, indeterminate structure, cannot in the 

strictest sense be applied to several igneous rocks, which, 
without stratification, assume beautiful and distinct forms, 
caused by the particular circumstances under which they 
were produced. The most important of these forms is the 
columnar, a structure which particularly characterises basalt, 
and is occasionally exhibited by porphyiy and greenstone. 
Masses of basalt, divided into columns or prisms, occur at 
Staffs, at the Giants’ Causeway in Ireland, and in various 
volcanic districts, which have more the appearance of works 
of art than of nature, and constitute some of the most striking scenery of the globe. The 
columns have three, four, five, six, and eight sides, but are commonly pentagonal, and 
are so closely compacted together, that though perfectly separable, there is no perceptible 
space between them. Figs, JO. and 11. represent these ranges, vertical and inclined. A 
— ^ — remarkably fine example of 
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columnar basalt occurs upon 
the banks of the little river 
Volant in France, a view of 
which is given. Sometimes 
the basaltic columns are not 
continuous, but consist of a 
number of short pieces placed 
upon one another. In North 
America, the columnar ar- 
rangement is very commonly 
assumed by greenstone, the 
rock which forms the Salis- 
bury Crags, near Edinburgh. 


A spot on Mount Holyoke in Massachusetts, which has been called Titan’s Piazza, 


exhibits a group of greenstone columns, which hang over the observer’s head, the pro- 
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jecting ends being exfoliated in such a manner as to present a convex surface down- 
wards. The Palisadoes, on the banks of the river Hudson, are another example; 
but the most extensive formations of this kind, perhaps, upon the face of the globe, 
which appear to throw our Griants* Causeway into insignificance, are in the country 
west of the Rocky Mountains. There the Columbia river passes through mountains 
of the trap family, not improbably basalt, which range from 400 to 1000 feet high, the 
walls consisting of successive rows of columns, superimposed upon one another, sepa- 
rated by a few feet of amygdaloid, conglomerate, or breccia. In Wales, the columnar 
structure is developed in the porphyritic trap on the northern side of Cader Idris ; 
and in England, though obscurely, in some of the basaltic hills near Dudley. This 
peculiar construction, which distinguishes rocks of the trap family, is supposed to result 
from a kind of ciystallisation while they were cooling down under pressure from a melted 
state. Mr. Gregory Watt fused seven hundred pounds weight of the Dudley basalt and 
caused it to cool slowly, when globular masses were formed, which enlarged and pressed 
against each other until regular columns were the result. Recent lavas exhibit precisely 
similar columns. 

The Stratified rocks, which are all of aqueous origin, show a regular divisional structure 
of layers or beds, to which the Latin word strata is applied, and which have resulted from 
successive sedimentary processes at the bottom of lakes and seas. They vary in thickness 
from that of paper to many yards, and are sometimes divided by a thin layer of soft 
earthy matter, called a seam ; but at other times, the surfaces of the upper and lower 
stratum are so closely joined, that it requires a considerable force to separate them. If 
the depositions which constitute this class of rocks went on always in quiet waters, and if 
there were no disturbing forces in operation, the position of strata would be uniformly 
horizontal ; but these two conditions have not existed, and consequently the strata are 
generally found to dip down to some point of the horizon, and of course to rise 
towards the opposite point. A line drawn through these two points is called 
the line of their dip ; and another line, drawn at right angles to this, marks — 

the course along which the strata 
^ stretch out to the greatest extent, 

- bearing, 

f ■■ 16. and 17. are exam[>les of 

» horizontal and inclined stratification, 

' ~ showing that an elevating cause has 

acted upon the latter subsequent to 
.s^- depositit>n, to which the former has 
Inclined - -- SubjcCt. With SUCh illtcn- 




Inclined Strati ficalUin. ruujruu fT lui Hueu Jllieii- 

sity has this elevating jiower operated in some instances, as to lift the strata into a ver- 

M ^ " Powls ' CoStle ' IS 

m - built. The strata, 

consisting of calcareous red grit, highly charged with portions of encoinital stems, are 
vertical, or highly inclined at angles of 70 or 80® to the horizon, and appear like massive 
buttresses erected for the purpose of supporting the noble structure placed upon them. 
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and continuations of it. Curved, ni ched, and contorted stratifications have resulted from 
the action of the same upheaving cause. Fig. 19. represents an instance of curved strata, 
OS delinegte^l by Dr. Maccullocli, occurring in gneiss, at Oreby in the Isle of Lewis, one 
of the western islands of Scotland. Of the arched form of strata, there are striking 
examples at Crich-cliff in Derbyshire, at Alum Bay in the Isle of Wight, and in the 






Crich.Hill, Derbyihire. 

Malvern Hills. Fig, 21. exhibits the appearance of contorted ’Btrala, as remarked by 
Murchison on the banks of the Wye. The stratification is said to be unconformable, 
or discordant, when the planes of the strata in different formations are not parallel to 
one another, which is usually the case. In Jig, 22. liorizontal strata appear divided 

inclined, which latter were 

plainly elevated before the deposi- 

_ tion of the former. This is likewise 
. shmvn in ^fig, 23.,' where, upon a 
base of highly inclined strata, liorizontal beds rest, and a series inclined in a different 
direction. AVhen strata dip in opposite directions, as at a in Jig, 24., they are said to 



'orm a saddle-back, or anticline ; a word derived from the Greek anti, on opposite sides, 
and clino, 1 bend ; and the common ridge from which they diverge is called the anticlinal 
axis. The hollow formed at b is termed a trough or basin ; the abrupt termination of a 
series at c is designated an escarjimcnt, bluff, or headland ; a series separated from the 
main beds to which they belong, as at d; are outliers ; and where a stratum exposes itself 
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at the surface, as at f, it is said, in the language of miners, to crop out. Sometimes 
several of the diversities in the structure of strata noticed, appear associated together, 
as in^^r, 25., an appearance very common in the slate rocks on the north coast of Devon. 
It is obvious that the disturbances which have originated these constructions, have ren- 
dered an essential service to mankind, have largely opened the surface of the earth to 
their knowledge, and brought the mineral riches of diflerent strata, which lie low in 
the series, within reach ; for had they remained in an undisturbed horizontal position, 
piled one upon another, man could never have penetrated to those which are most 
important to the arts of life, and would for ever have been ignorant of their existence. 

The operation of an elevating cause, to which various stratified formations have been 
subject, has frequently interrupted their continuity, produced cracks and fis.sures, filled 
with fragments of rocks from above, or with igneous injections from below, extending in 
breadth from a few inches to twenty or thirty feet, and even yards. These are tenned 
faults, slips, notches, or dykes. The shock which has produced this dislocation of a 
stratum, besides interrupting its continuity, has commonly also caused a change of level 
in the divided parts. Fig, 26, is an example of a fault, where 
beds that were once united appear broken, the separated por- 
tions being displaced, one rising above the other, which is, in 
mining language, termed the up-throw or down-throw of a bed. 

Fig. 96 The occurrence of faults, which are very common in the coal 

formation, is a source of great inconvenience to the miners, not only interrupting their 
labours, but involving them in perplexity, as to whether the continuation of the mineral 
is to be sought upon the same level, or whether it lies above or below it Several faults 
occurring in a stratum, where the divided portions are variously altered in their level, 
often engender the hope of great mineral riches in a district, which is deceptive. Thus 

27. shows dislocation, giving 
h to the same series of beds the ap- 

d pearance of many. It might be 

<• ^ imagined by a sanguine specu* 

lator, observing these beds crop 


out at the surface at a, 5, c, and d, that here were four distinct seams of coal, whereas 
he would find, upon working them, that his calculation was false as to the wealth of his 
land, for there is but a single seam, which has been dislocratcd and variously disturbed. 

It will be at once perceived, that the upheaving cause which has given rise to faults in 
strata, has operated to produce the fractured appearance of the surface of the eartli, 
which is the aspect of many valleys, subsequently modified and rendered beautiful and 
arable by atmospheric and aqueous agencies. In the early stages of geological inquiry, 
the formation of all valleys was referred to the erosion of river currents : but this is 
plainly an inadmissible theory; for an immense numlx-’rof valleys are found at high eleva- 
tions, where there are no streams, and never could have been any, of sufficient j)ower to 
scoop them out. Some of those in low countries may have been produced by this cause; but 
even the valleys of denudation, as they are termed, appear to be original hollows in the 
superficies, which the rains and rivers have contributed to modify and enlarge. The 
longitudinal hollow spaces between two ranges of mountains, and the transverse breaks 
which interrupt the continuity of the same chain of hills, often (instituting mere gorges 
and ravines, exhibit in most cases such similarity of strata on the opposite sides, and 
appear so capable of interlocking, if brought together, as to leave no doubt of their 
formation resulting from the breakage of the general mass during its upheavaL The 
sides of such valleys, ravines, or gorges are commonly excessively steep and rugged; 
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for the atnuMpberic and aqueous agencies, which have subsequently operated, so far from 

giving a smoother outline, wear away the 
surface unequally, producing furrows and pro- 
- jections. It often appears, that the pressure 
from below, acting with inferior intensity, 
has lifted up strata without any consequeni 
fracture, and has put forth greater power at 
two neighbouring points than in the inter- 
mediate space. This has given rise to valleys 
of Undulation, of which the accompan 3 ring sec- 
tion is an example from the Jura mountains. 
In what are termed valleys of elevation, there 
has been fracture, with an upward movement 
of the fractured part, the strata dipping from 
the valley on each side; to the formation 
Dr. Buckland noticed a valley 



% 



"■w,w^vr 

Section of the Jura Mountaint. 

of which, denudation has subsequently contributed, 
of this kind, of wliich /g. 29. is a section : v, valley of Kingsclere, near Shaftesbury; 



a Of chalk, with and without flints; cr, green-sand, — strata which evidently were once 
continuous. There is little difference between valleys of elevation and dislocation; but 
the former term is generally ap])lied to those which are bounded by hills of moderate 
height. 

Both the stratified and unstratified rocks exhibit a peculiarity of structure, to which 
the term joints is applied ; hut this is more esjiecially true of the sedimentary deposits, 
each stratum being divisible into masses of determinate shapes, generally approaching to 
the cubical or rhomboidal i’orin ; and by these separations, or tendency to separate, the 
quarrying of a rock is materially facilitated. Some rocks also are divided by a set of 
parallel planes, coincident neither with the stratification, the lamination, nor the joints, 
to which the name of clent^affc has been given. These cleavage planes are most perfectly 
exhibited by the urgillaeeous slates, and in those of the finest grain. They are remark- 
able for maintaining an almost exact parallelism wdiile ranging over many square miles 
of country, and for preserving this parallelism across wavy and contorted strata. In 
fig, 32. the planes of strutifieution, a a, are exhibited ; the joints, b b, and the slaty cleavage, 
cc; but the cleavage structure is more distinctly displayed in Jig, 31., from the slate rocks 
of Wales. Professor Sedge wick, who has paid the most attention to this subject, remarks, 
in elucidation of it ; — “A nigged country, more than thirty miles in length, and eight or 
ten miles in breadth, stretching from the gorge of the Wye, above Rhaiada in North 
Wales, to the upper gorges of the Elan, exhibits, on a magnificent scale, thousands of 
examples like that represented above. The whole region is made up of contorted strata, 
and of the true bedding there is not the shadow of a doubt. Many parts are of a coarse 
mechanical structure ; but subordinate to tliem are fine crystalline chloritic slates. But 
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the coarser beds and the finer, the twisted and the straight, have all been subjected to 
one change. Crystalline forces have re-arranged whole masses of them, producing a 
beautiful cryrtalline cleavage, passing alike through all the strata. And again, through 
all this region, whatever be the contortions of the rocks, the planes of cleavage pass on 
gen^y without deviation, running in parallel lines from one end to the other, and 
inclining, at a great angle, to a point only a few degrees west of the magnetic north. 
Without considering the crystalline fiakes along the planes of cleavage, which prove that 
crystalline action has modified the whole mass, we may affirm that no retreat of parts, no 
contraction of dimensions, in passing to a solid state, can explain phenomena such as 
these. They appear to me only resolvable, on the supiiosition that crystalline or polar 
forces acted on the whole moss simultaneously, in given directions, and with adequate 
power. It is not, however, necessary to suppose that these effects were produced in a 
short lapse of time. In speculating on the time required for the coin[»letion of these 
phenomena, we are free from any unnecessary limitation.” Whetlier this points to tlio 
true solution of an obscure problem, or not, it is evident that the structures indicrated by 
joints and cleavage were impressed upon the rocks they characterise by agencies acting 
after their deposition ; for, in several newer fossiliferous strata, symmetrical joints pass 
through the organic remains imbedded in them. 

The manner in which the two great classes of rocks, the stratified and the unstratified, 
arc disposed in relation to each other, now reciuires a notice. It is very clear that they 
have been formed under the operation of totally distinct causes. The parallel arrange- 
ment of the strata, the i)ebble8 of pre-existing rocks and organic remains imbedded in 
them, together with the ripple-inark, the f(K)tprints and other truces cd* animals which they 
exhibit, demonstrate their deimsition in water; while tin* clear marks of having crystallised 
in cooling from a state of fusion borne by the unstratilicid rocks, the close analogy of 
their composition to modern lavas, and often complete identity, ])lainly prove their 
igneous origin. In consi<lering the association of the two classes, the most de(;isive evi- 
dence appears, that while the unstratified musses are uniformly found beneath the stra- 
tified, they have been violently propelled among the strata in a melted state, by the 
expansive property of an immensely high temperature acting under pressurti, occasioning 
the different inclinations, contortions, and fractures pniviously described. It is obvious 
that the materials of the sedimentary ro<tks must have been deposited iiorizoiitally ; yet 
nothing is more common than to see beds of sandstone and conglomerate in a vertical 
position. The leaves of ferns in the shale of coal countries, which are often spr(‘.ad out us 
regularly as dried plants between the sheets of paper in the herbarium of a botanist, are 
also frequently found highly inclined, and sometimes vertical, though they must have been 
horizontally disposed w hen deposited. Fig, 33. represents a common instance of th(! 



manner in which the unstratified and stratified rocks arc associated, in which strata of 
limestone appear lying ujion mountainous masses of granite. At a a the granite has 
burst through the limestone ; at b it overlies it, as if it had flowed over ; at c it inter- 
Btratifies it, having introduced itself in a rent or fissure prodtictul by the catastrophe of 
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its ejection from beneath. As a penetrated body must have an existence prior to its 
penetration, nothing can be plainer than that the limestone was formed prior to the 
invasion of the granite ; while it is equally clear, that, by thus overlying and interstratifying 
the limestone, and forming veins as at c c, the granite must have been erupted in a melted 
condition. A remarkable change is often observed in the character of the sedimentary 
strata in immediate contact with the granite or any other igneous rock, arising from 
exposure to the action of the heated mass. Thus the celebrated Carrara marble, used in 
sculpture, once supposed, from the absence of fossils, and its crystalline texture, to be a 
primitive rock, is only a limestone of a comparatively modern period, whose characteristic 
fossils have been obscured or destroyed, and the whole fused into a uniform rock, by 
plutonic action. Clay and sandstone also have been converted into substances as hard as 
flint, and coal into coke, by the invasion and interjection of the igneous rocks — changes 
analogous to what may now be produced in those materials by artificial means of a similar 
nature. 

Thus the unstratified rocks, of which granite only has been mentioned, as the most 
important example, occur in irregular masses beneath the 8ti*atified ; in disrupting masses, 
wMch have broken asunder the strata, and inclined and contorted them in an endless variety 
of ways, forming some of the highest mountains of the globe ; in incumbent masses, having 
flowed over the surface of strata, while in a state of fusion ; as interposing masses, filling 
cracks or fissures in strata produced by the disturbing force which has acted upon them ; 
and as veins, which are similar insinuations of the melted mineral matter, but with many 
slender ramifications or branches, often containing angular fragments, broken from the 
invaded rock. 

When Hutton was groping his way to the doctrine which he was the first to propound, 
that granite was the result of igneous fusion,— or, to employ his own language, a body trans- 
fused from the subterraneous region, and made to break and invade the strata, — he rightly 
regarded this as a question only to be determined upon the spot where it is found in 
immediate contact with those bodies which are evidently stratified. “ 1 wanted to see,** 
he remarks, “whether the granite mass, in point of time, had been prior or posterior 
to those water-formed bodies, the Alpine strata, or primary schists (transition slates) ; 
and, as to the manner of operation, I particularly desired to know if the granite had been 
made to flow, in that state of fusion, among the broken and dislocated strata. Having 
suspended ray opinion till 1 should find some decisive appearance by which this important 
question might be determined, 1 considered where 1 might be most likely to find the 
junction of the granite country with the Alpine strata ; and having an engagement with 
Mr. Clerk, of Eldin, to visit the Duke of Athol at Blair, I concluded that from that 
place it could not be far before the great mass of granite, which runs south-west of 
Aberdeen, would be met with in the river Tilt, or some of its branches. But,” he adds, 

“ Mr. Clerk and I were resolved to find it out, to whatever 
distance the pursuit might lead us among the mountains of 
this elevated tract,” The result was the discovery in Glen 
Tilt, in the bed of the stream, of the expected junction, 
w’hich so delighted Hutton and his friends, that the guides 
thought they had detected some mine of gold. “ Here,** he 
states, “ I had every satisfaction I could possibly desire, 
having found the most perfect evidence that the granite had 
been made to break the Alpine strata, and invade that 
country in a fluid state.” The actual appearance of the 
junction in Glen Tilt is represented mfig, 34., which shows 
the undulating outline of tlie granite forming veins, intruding itself into the beds of clay 
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slate and limestone, from which it differs remarkably in composition. Dr. Macculloch has 
noticed liere the metamorphic change, to which reference has been made, produced in 
the sedimentary strata in imm;^diate contact with the igneous rocks, by their high 
temperature when obtruded ; for the limestone is changed in character by the proximity 
of the granitic mass or its veins, and acquires a more compact texture, like that of 
hornstone, or chert, with a splintery fracture. Besides intruding into the stratified rocks 
in the form of veins, the granite and other igneous masses are frequently traversed 
themselves by veins, which show successive epochs in which the fiery fluid from beneath 
has been erupted, the rock itself thus veined having of course been ejected at the earliest 
epoch. In one remarkable example of veins of different kinds, near Salem in Massachusetts, 
where the basis rock is syenitic greenstone. Professor Hitchcock has been able to trace 
eleven epochs of eruption. Dykes, from the Scottish dyke^ a wall or fence, are analogous 
to veins, being generally composed of igneous matter ejected from below into fissures of 
the strata, which are usually straight, and often form thick divisional walls. 

It is impossible to account for all veins upon the principle of injection, as in such 
examples as are shown in the following figures : — 



Fig, 35. represents two small but very distinct granitic veins, occurring in homogeneous 
micaceous limestone, which pursue a very tortuous course. Fig, 36. shows a granitic vein, 
equally tortuous, and only one-eighth of an inch thick, conforming to the flexures of mica 
slate. Fig, 37. exhibits a tortuous granitic vein, occurring in talcose slate, which does not 
conform to the flexures of the slate. Veins of this description are supposed by Professor 
Sedgewick to have been produced by chemical segregation from the rock in whicli they 
occur, while that was in a yielding state, just as the nodules of flint were segregated from 
chalk, or crystals of simple minerals from the rocks in which they are now found 
imbedded. This opinion is supported by the fact, that sometimes these veins pass by 
insensible gradations into the intruding rock, thus showing that they are of a contempo- 
raneous origin with the rock, while both were in a fluid state. The metalliferous veins 
are of both kinds, fissures that have been subsequently filled with metallic matter, and 
segregations of metallic particles from the surrounding mass by elective affinity. 

The phenomena of the metallic veins constitute one of the most difiUcult problems of 
geology ; but their contents are so important to human improvement and happiness, and , 
form so marked a feature of the crust of the earth, as to demand a general notice. It is 
always the case, that the metalliferous veins, like other mineral veins, are occupied with 
matter different from the rocks they traverse; but it rarely occurs that the metallic 
matter, or the ore, fills the whole of the vein, but is more or less abundantly disseminated 
through the quartz, sulphate of baryta, or granite, which constitutes the matrix or 
veinstone. The veins vary greatly in width, from a line to several hundred feet, those 
of Cornwall being from an inch wide to upwards of thirty feet They vary also in their 
direction, and are of unknown depth, for scarcely ever have they been exhausted down- 
wards. The metalliferous contents likewise vary in the same veins, at different distances 
from the surface, owing to their passage through different rortks, copper following zinc 
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in several of the Cornish mines ; while mines in the south of France have conducted 
first to iron, n^xt to silver, and lastly to copper. The metallic veins are chiefly 
found in rocks of the primary and transition series, none being worked in Great Britain 
above the new red sandstone, nor any of much importance above the carboniferous 
limestone. That variety of iron ore, however, called by mineralogists hmniatite^ from 
the Greek word signifying “ blood,” and also termed blood-stone, occurs in the lias 
and chalk of the Pyrenees ; and in the Andes of Chili, the tertiary strata, which have 
become metamorphic by proximity to granite, are traversed by true metallic veins of 
iron, copper, arsenic, silver, and gold, which proceed from the underlying granite. The 
great deposits of coj)per are found in the older sedimentary and the unstratified rocks, 
of which the county of Cornwall is composed, which produces more of this metal than 
all the other European mines collectively. Scarcely an example occurs in which a vein 
has been cut out, or its termination been reached ; for when abandoned, it is generally 
owing to its having become poor, or to the expense of going deeper being greater 
than what the probable produce would yield. So extensively are some of the mining 
operations for copper carried on, that in the Consolidated Mines of the parish of Gwennap, 
near Redruth, the engine-power employed, if exerted to its full extent, is equal to 
the work of from seven to eight thousand horses. Lead is found most abundantly in 
the carboniferous limestone, in considerable quantity also in the lower stratified rocks, 
likewise in granite and in the coal measures, but not in any of the strata above the coal. 
The veins in the limestone are the largest and the richest in ore ; and the same vein 
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which in a limestone stratum may have a 
width of seventeen feet, has been found to 
contract to three in the sandstone below. 
Silver is met with chiefly in primary 
strata, and also in unstratified rocks. The 
rich mine of Potosi in South America, dis- 
covered in 1545, which yielded in the space 
of eighty-three years from its discovery 
four hundred millions of ounces, is situated 
in primary slate. 

Besides occurring in veins, silver has 
been found in large insulated masses, as in 
one of the Peruvian mines, in which a lump 
was discovered weighing eight hundred 
pounds. At Konigsberg, in Norway, 
a mass of upwards of five hundred 
pounds’ weight was found ; and masses of 
a hundred pounds have frequently been 
yielded by the mines of Freiberg in 
Saxony. Gold also occurs in veins in the 
older sedimentary strata, the gneiss and 
mica-slate in Mexico, as well as in the 
un stratified rocks. It has been found in 
masses likewise, varying from eighteen to 
forty-five pounds’ weight, in the Ural 
mountains, in Columbia, and in Peru. 
The subject of the occurrence of the metals 
in veins and masses is most obscure ; but 


the general fact, tliat they arc most abumlantly situated near the junction of stratified 
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and unstratified rocks, indicates their connection with on igneous cause ; and, in com- 
mon with other veins, the two principles of simple injection and chemical segregation 
have doubtless operated in their production. 

The preceding division of rocks into two classes — the stratified and the unstra- 
tified —was first made by Leibnitz, in tlie year 1680. Optically, the stratified im- 
mensely preponderate over the unstratified, the latter being suptx)sed to occupy not 
a tenth part of the earth’s surface. The proportion of each varies remarkably in 
different countries ; the unstratified masses in Great Britain, according to Macculloch, 
not covering a thousandth part of the superficies of the island, while in Massachusetts 
they occupy nearly a quarter of the surface. But it must be rememl>erod, that what 
meets the eye, in this case, is no criterion of the relative magnitude of these two parts of 
the crust of the globe ; for the whole of the interior shell, to a great depth, is probably 
constituted of masses of unstratified rock, kindred to those which in fonner ages, in an 
ebullient state, have disrupted the strata, and are now open to our inspection. 

The subject we are now considering — the structure of the exterior mass of the earth— 
necessarily requires a division of rocks into two more grand classes — the fossiliferous and 
the non-fossiliferous, or those formations which contain animal and vegetable remains, 
and those in which no organic remains have been discovered. The non-fossiliferous 
include all the unstratified rocks, with the earliest two or three groups of strata— the gneiss 
and mica-schist systems. But it by no means follows, that because the latter sedimentary 
strata exhibit no organic remains, therefore organised nature, animal or vegetable, was 
not coincident with their deposition ; for all vestiges would be destroyed by the igneous 
action with which they have been in immediate contact, and which has given them a 
metamorphic character. The fossiliferous class embraces all the stratified formations 
excepting those just mentioned, the remains of animal life vastly preponderating over the 
remains of vegetables in the older strata, except in the beds connected with the coal — a 
fact which may be sufficiently explained by the easy destructibility of vegetable fibres. 
In the Alps, the fossiliferous rocks are found at the height of from 6000 to 8000 feet 
above the level of the sea ; in the Pyrenees, nearly as high ; and in the Andes, at the 
height of from 16,000 to 18,000 feet. In examining a formation of very limited extent, 
the same specific organic remains may be found universally diffused through it ; but if the 
formation has a larger area, extending into different countries or hemispheres, the specific 
resemblance between the organic contents will be found to diminish according to the 
distance ; and excepting in a few particular instances, no wide diffusion of species will be 
found in contemporaneous rocks. This is a highly interesting fact, since it manifests the 
coincidence between the laws of the animal and vegetable kingdoms, in immeasurably 
distant ages and at the prcsimt epoch ; groups of species being confined to distinct botanical 
and zoological provinces. In the more recent formations, examples of the remains of 
species identical with those which mark the existing condition of nature occur, but tlie 
proportionate number of these and extinct species becomes less as we descend through 
the six or seven tertiary beds, till we arrive at the chalk, in and below which no species 
are observed which can be identified with any now living, though, according to Koferstcin, 
a German writer in 1834, the species of organic remains described in rocks below the 
tertiary strata amount to upwards of 9000. 

It is an extraordinary fact, that whole masses of the solid materials of the globe appear 
to be composed almost entirely of the remains of animals or plants. Khrenberg, the 
Prussian naturalist, mentions a bed in Germany, fourteen feet thick, made up of the 
shields of animalcuhe, so small, that it would require 41,00(),0(K),000 of them to form a 
cubic inch. But mountains, hundreds and even thousands of fi'ct high, arc essentially 
constituted of organic matter ; and some idea of the enormous amount entering into the 
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composition of the lifeless and rigid masses around us, may be formed from the following 
list of strata by Dr. Mantell, which are wholly, or in great part, composed of animal 
remains : 


strata. 

Trilobite aebut 
Dudley limeatoiie • 

Shelly limeetone 

Mountain Hmeatone 

Enerinital marble - 
Musele-band 
Ironstone nodulet - 
Lias shales and elaya 
Limeatone - 
Lias conglomerates • 
Oryphite limestone • 
Limestone 
Stonesdeld slate 
Pappenheiiii schist - 
Bath stone 
Limestone 
Coral -rag 

Bradford limestone - 
Portland oolite 
Purbeck and Sussex marble 

Wealdon limestone • 

Tilgate grit (some beds) 
Farringdon gravel - 
Jasper and chert 
Orecn-sand 
Chalk 

Maestricht limestone 

Hippuritc limestone 
Hard chalk (some beds) 

Flints • •> 

Limestone 
Nummulitc rock 
Septaria 

Calcaire grossier 
Gypseous limestone 
Siliceous limestone 
Lacustrine marls - 
Monte Bolce limestone 
Bone-braccia 
Sul>- Himalaya sandstone 
Tripoli 

liichmond marl 
Semiopal 
Mountain marl 
Guadaloupe limestone 
Bermuda limestone 
Bermuda chalk 
Bog iron ochre 


Prevailing FouUs. 

Trilobites and sheila 
Corals, crinoidea, shells, and trilobi^ 
Productae, spirifene, &o. 

Corals and shells 

Lily-shaped animals and sheila 
Fr^-water muscles 
Trilobites, insects, and shells 
Pentaorinites, reptiles, fishes 
Terebratuls and other shells 
Fishes, shells, corals 
Shells, principally gryphites 
Terebratula?, and other shells 
Shells, reptiles, fishes, ini^cts 
Crustacea, reptiles, fishes, insects 
Shells, corals, crinoidea, reptiles, fishes 
Cephalopoda, principally ammonites 
Corals, shells, echini, ammonites 
Crinoidea, shells, coral cephalopoda 
Ammonites, trigonim, and other shells 
Fresh-water shells, Crustacea, reptiles, fishes 
f Cyclades, and other fresh-water shells, *1 
\ Crustacea, reptiles, fishes. J 

Reptiles, fishes, fresh-water shells - 
Sponges, corals, echini, and shells • 

Shells, sponges, and animalcules 
Fibrous zoophytes . . • 

Corals, infusoria, echini, shells, fishes 
r Corals, shells, ammonites, belcmnitcs, and "I 
\ other cephalopoda — reptiles. J 

Shells, principally hippurites 
Echini and belemnites ... 

{ Sponges and other fibrous zoophytes, in- 1 
fusoria, and spines of ztwphytes, shells, > 
corals, crinoidea. J 

Fresh-water shells 

Nummulites ... 

Nautili, turritelln, and other shells 
Shells and corals 
Mammal ia,palieotheria,&c. hi rds,rcptile8,fishes 
Shells .... 

Cyprides, phryganeie, fresh-water shells 
Fishes . . . - 

Mammalia and land shells 
Elephant, mastodon, and reptiles 
Infusoria ... 

Animalcules and infusoria 
Infusoria . - - 

Infusoria ... 

Human skeletons, land-shells, and corals 
Corals, shells, serpuloe 
Comminuted corals, shells, Ac. 

Infusoria ... 


Formations. 
Silurian system. 


{ Carbtmiieroua 
system. 


Inferior oolite. 
Oolite. 


Weal den. 


Shank! in sand. 


Chalk. 


Tertiary. 


Human epoch. 
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In addition to this amount of animal matter, the yegetable kingdom has contributed, in 
an inferior degree, yet in no unimportant manner, to the composition of strata, as the 
anthracite, coal, and lignite formations attest, which occupy extensive areas of country. 

The thickness of the fossiliferous rocks in Great Britain is thus given by Professor 
Phillips ; — 


Tertiary strata, including thel 

- 1.350 feet 

Magnesian limestone 

. 900 

diluvial clay, and sand. J 

Coal measures 

- 3000 

Chalk 

- 600 

Millstone grit 

- 900 

Green-sand 

- 480 

Carboniferous limestone 

• 1800 

Wealden group 

- 900 

Old red sandstone - 

• 9900 

Oolite — mean thickness 

- 1230 

Silurian system • • 

• 700 

Lias • • • 

New red sandstone 

- 1050 

900 

Cambrian system - 

• 9000 


The total, according to this estimate, is 34,080 feot, or about 6*5 miles: but it appears from 
more recent investigations, that the Cambrian and Silurian systems, the study of which 
is of recent date, far exceed in thickness the entire aggregate of the other strata. 

The division of rocks into fossiliferous and non-fossiliferous, into stratified and unstratified, 
is founded upon obvious and important natural characters, and accordingly all geologists are 
here agreed. Nor is there any difference of opinion as to the order of succession and 
relative age of the larger formations, however, in the details of classification, the grouping 
of strata, and the distinctive terms employed, some diversity prevails, perplexing to the 
student. The first arrangement was made by Lehman, who divided all rocks into — 

Primitive, — Those of hard an<l slaty structure, containing no fossil organic remains. 

Secondary , — Rocks of comminuted fragments, and containing organic remains. 

Local , — Those of partial occurrence in different districts. 

Werner introduced another class between the primary and secondary, to which he appliwl 
the term Transition, from the indications they exhibited of a transition state from the one 
to the other ns to mineral structure, and of having been formed when the world was passing 
from an uninhabitable to a habitable condition. Afterwards the word Local gave place 
to Tertiary, which became the generic title of all regularly stratified beds above the chalk 
up to the superficial formations. 

Upon comparing the remains exhibited by formations of different ages together, 
decisive evidence appears of the progressive development of organic life, from the more 
simple and imperfect structures that obtain in the older strata, to the higher organisations 
that are found in those depositions which belong to mras immediately antecedent to the 


existing epoch. In the course of our planet’s history, the less complex tribes of animals 
and plants were the first to appear, the more perfect species becoming more and more 
numerous up to the creation of the present races. But this view is widely diffenjnt 
from that theory of gradual perfectionnement in the same si»ecie8 of animals and plants 
which some writers have adopted, and which the evidence afforded by organic remains 


amply contradicts. It is true that fishes, which of all vertebrata rank the lowest, a]>pear 
first in geological history; but then they are not imperfect formations — they have no 
mark of inferior organisation, but occur in their highest state of approximation to the 
reptile, and not in their lowest condition of affinity to the worm. It is also true, that 
reptiles precede mammalia, but they are reptiles belonging to the higher grades of that 
class. The earliest zoophytes and molluscm likewise display no inferiority in their 
organisation when compared with their living representatives. Hence, -the right con- 
clusion is, that while there has l>een a progressive development of organic life upon the 
face of the globe, it has not been by an improvement of sfwcies, but by an addition of 
fresh organisations, a new dramatis personee, to meet new physical conditions of the earth. 
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The order of nuccession in which the more important animals and plants started into 
being, or the epoch of their creation, is stated in the following table from Professor 
Brown. It should be distinctly observed, that their earliest appearance is here registered, 
and not the aera of their prevalence. Thus the ichthyosaurus, here referred to the New 
Bed Sandstone period, flourished most abundantly in the subsequent oolitic period. 


CLAY SLATE AND SILURIAN PERIOD. 



Catenl|>ora etcnarddci. 


Zoophytes. 

Marine shells. 

Crustacea, Trilobites. 

FUhttt Placoidians and Ganoidians (Sauroids and Sharks), also 
those with heterocercal or unsymmetrical tails, the upper lobe 
extending farther than the lower by the prolongation of the 
vertebral column. 

Flowcrless plants ) Marine. 

Flowering plants ) I'errestrial. 


CARBONIFEROUS PERIOD. 



Sphanopterii Hcitinghuuil. 


FUhei : Cephalaspis, &c. 

Arachnidans : Scorpions. 

Coleopterous insects, 

Fresh»water shells. 

Dicotyledonous plants: Conifcro; (pines, &c.) Cycaden. 
Monocotyledonous plants : Palmce, ScitamiuecD. 


NEW RED SANDSTONE PERIOD, 





Kucrinltci MunUeiurmi*. 


Tracks of birds, tortoises, and Chirotheria allied to Marsu- 
piitlia. 

Reptiles: Monitor, Phytosaurus Ichthyosaurus, Plesiosaurus, 
Mastodonsauriis, Thecodontosaurus, Pala?osaurus. 
Crustacea: Palinurus. 

Fiehes: Paliconiscus, &c. 

Dicotyledonous plants (Voltsia). 


OOLITIC PERIOD. 








AininoRito Catena. 


^f^^mmalia: Thylacothcrium. Cetacea: Phascolothcriura (Didelphys 
of lluckland). Reptiles: Saurocephalus, Saurodon, Teleosaurus, 
Strepto«spondylus, Megalosaurus, Lacerta neptiinia, .^lodon, Rha- 
cheosaurus, Pleurosaurus, Geosaurus Macrospondylus, Pterodactyl us. 
Crocodile, Gavial, Tortoise. Fishes: Pycnodontes and Lepidoides, 
(Dapedium, &c.) with homocercal tails. Arachnidans : Spiders. 
Insects: Libellulo?, Coleoptcra. Crustacea: Pagurus, Eryon, Scyl- 
larus, Palsmon, AsUcus. Plants: Cycadeo; ( Pterophyllum, 
Zamia), Conifera' (Thuytes, Taxites), Lilia (Bucklandia). Birds: 
Grallie (Tilgate Forest). Reptiles. Iguanodon, Leptorynchus, 

Tryonix, Emys, Chelonia. FisAes ; Lepidotus, Pycnodus, &e. 

Fresh'Water and estuary shells. 



TurrlUtaa Coitakiu. 


CRETACEOUS PERIOD. 



Insects, 

Reptiles : Mososaurus &c. 

Fishes : Ctenoidians and Cycloidians. 
Crustacea: Arcania, £tya?a, Coryster. 
Plants : ConfervK, Naiades. 


Mocesamiu Cuncentricus. 
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TERTIARY TSKIOD. 


Mammalia : 1 Eocent period, 50 speeien. PRleotherium, 
Anoplotherium, Lophiodon, AnthraeiUherium, Che- 




Skelcton of the Moi ntheriuiii. 


Foe), Coatis, Racoon, Genetic, Dormouse, Stjuinrcl. 
Repiile$: Serpents. 

Birds: Bussard, Owl, Quail, Woodcock, Sea-lark, Cur- 
lew. Pelican, AlbatroM, Vulture. JRspHlu : Fresh- 
water TortoUes. Fts^.- Seven extinct qieciee of 
extinct genera. 

2. Miocene Period: Ape, Dinotherium, Tapfar, Cka- 
licotherium. Rhinoceros, Tetracaulodon, Hippothe- 
rium, Sus, Felis, Machairodus, Gulo, Agnotherium, 
Mastodon, Hippopotamus, Horse. 

3. Pliocene Period: Elephant, Oe, Deer, Dolphin, 
Seal, Walrus, Lamantin, Megalonyx, Megatherium, 
Glyptodon, Hyoina, Ursus, Weasel, Hare, Rabbit, 
W'atcr Rat, Mouse, Dasyurus, Halmaturus, Kan- 
garoo, and Kangaroo Rat. 

Birds : Pigeon, Raven, Lark, Duck, Ac. 

Fishes : (in the formation generally) more than 100 
species now extinct, which belong to more than 40 
extinct and as many living genera. 

Insects: l(i2 genera of Diptera, llcmiptera, Coleop- 
tera, Aptera, Ilymenoptero, Neuroptera, Orthoptera. 

Shells : lii the newer Plitwenc period 90 to 95 per 
cent, of living species *, 35 to 50 ))er cent, in the older 
IMiocene; 17 per cent, in the Miocene; and 3*.5 in 
the Eocene, amounting in all to 4(XX) species. 

Plants : Poplars, Willows, Elms, Chestnuts, Syca- 
mores, and nearly 200 other species, seven -eighths of 
which are monocotylcdonous or dicotyledonous. 


ALtUVJAL rEHlOI). 

Man, and mc^st of the other species of existing animals and plants. 

The manner in which organic remains have been preserved varies with the nature of the 
deposit in which they are embedded. In the more recent rocks, the entire skeletons of 
animals have been found, which liave scarcely undergone any alteration, but more 
frequently the harder parts alone occur, and with these the teeth are met with most 
abundantly, still retaining their sharp edges and enamel. Shells also are common in 
strata of very high antiiiuity, as perfect in form as if newly picked up on the shore of the 
ocean ; and microscopic animals, which the slightest disturbance must have crushed, 
appear uninjured, which proves that they mu.st have lived and died on or near the spot 
where they are found, have been deposited at the bottom of very quiet waters, and that 
the consolidation of the strata was a very grailual and uninterrupted pr^xjess. Dr. Mantell 
remarks, that in his early researches he fell into the error of supposing that all fossils 
must necessarily be petrifactions, and threw away many bimutiful shells that were associated 
with ammonites in the marl at Hornsey, supposing, from their perfect state, that they had 
been accidentally imbedded, and were not genuine fossils. “ But the state of preservation,” 
lie adds, “ and the degree of change which an organic body has undergone in the mineral 
kingdom, have no necessary relation to its antiquity. The sliells in scime of the ancient 
secondary strata are frequently as perfect as those of modem tertiary deposits. I have 
collected, in the lowermost clays of the Wealden, fresh-water shells having traces of the 
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epidermis, and of the ligament by which the valves were held together ; and bones 
of reptiles in Tilgate Forest, as light and porous as those of the bear and liyena from 
the caverns of Germany. On the other hand, fossil remains from the newest tertiary 
formations are often completely petrified, that is, permeated by, or transmuted into, 
stone.” 

In animal remains, the harder parts are sometimes partially impregnated with mineral 
matter, while the animal matter is still obvious to inspection ; but far more frequently, the 
animal matter appears to be almost entirely replaced by the mineral, constituting a genuine 
petrifaction. Parkinson, however, observes, that probably, in every case, a chemical 
process would show the presence of considerable organic matter. The mineralising agent 
is most commonly carbonate of lime, but often silica, or clay, or oxide of iron, and sometimes 
the ores of metals. Vegetable remains occur, in a similar manner, completely permeated 
by mineral matter, yet without any destruction of their external character or internal 
structure, so that the most delicate tissues of plants, their leaves and seed vessels, and even 
their poUen, are quite distinct. But large masses of vegetation have entirely lost all 
organic structure, having been bituminised, through that peculiar chemical process which 
vegetable substances undergo when excluded from the air, and subject to great pressure. 
Of this process, coal, lignite, amber, and asphalte are examples. There are productions in 
course of formation at present, strikingly analogous, if not identical, with those changes 
which the mass of fossil organic remains has experienced. Thus rivers and springs 
hold in solution a large proportion of lime, silex, and iron, which various causes precipitate, 
and substances exposed to their action for some time become incrusted and permeated 
with the siliceous and calcareous earths, and the metallic oxides. A bone buried in clay 
containing sulphate of iron, will, in a few years, or even months, have undergone a 
perceptible change towards petrifaction ; and by an experiment of M. Goppert, it appears 
that fern leaves placed carefully in clay exposed to a red heat, will be made to resemblo 
the petrified plants found in the rocks. 

The arrangement of Lehman and Werner, already mentioned, has substantially stood its 
ground to the present day, and may be more fully stated as follows : — 

Superficial formations , — 1. The modern or alluvium, embracing the surface soil, and 
deposits of sand, clay, and gravel, formed by the ordinary action of water. 2. The 
ancient or diluvium, deposits of gravel and clay, with boulder stones more or less rounded 
by attrition, which have been transported from a distance by the extraordinary action of 
water. Hence the term drift applied to the latter depositions. 

Tertiary, — An extensive scries of regular strata, marine and fresh-water deposits, 
alternating, consisting of marls, clays, thin beds of sand, and imperfect limestones, 
or crag. The remains of animals and plants occur in great abundance, the major part 
belonging to extinct species. 

Secondary, — Vast beds of chalk, clay, argillaceous slate or shale, sandstones, coal, 
ironstone, and limestone, are constituents of this class, in which vegetable remains are 
abundant, and the great saurians or lizard-shaped animals. 

Transiiion, — The prevailing rocks are limestones, sandstones, varieties of slate and 
shale, containing few organic remains, and none of animals of high organisation. 

Primary, — Immense beds of hard and compact slaty strata, of crystalline structure, 
compose this class, in which no organic remains are found. 

As geology has advanced, the tertiary, secondary, transition, and primary classes have 
each bwn found to consist of systems of strata, having a distinct character, so as to admit 
of their being grouped together, and the transition class has been incorporated in the 
secondary. The diagram on the opposite page gives a proximate view of the principal 
groups or systems of strata, with their order of superposition. 
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Stjine LiH'alitlos. 


1 Decomposed organic matter witti earthy All countries. 
J admixtures. 


Deposits of sand, gravel, and clay. 


Drift, erratia Mocks. 


Sand, clay, pebbles, hard wliite sand- 
stones. many si‘a shells, about ten per 
^|entjJ>cIon|[iiijQoextlnct^^^ 


Kstuaries and mouths of 
rivers. 

Many parts of KnglamI, 
Kurope, and America. 


Norfolk and Sufllilk. lia||i>liii( nml 
rl«iii|wtFMd Heath. Hlndkor 
I'-sula built of th« sandstone. 


Limestones containing freshwater shells, 
clays of various kinds, and limestones 
containing marine shells. 


Isle of Wight, south-west 
of Frauce, near l*aris. 


I'hick b«!dsof clay with many marine shells, 

b<‘ds of limestones, remains of extinct 

s^les of land and amphibious animals 

plaiits and fruits. Not more than 5 per 

cent of shells belong to existing species. 


Chalk with flints. 
Chalk without flints. 
Chalk mart. 

Green sand. 


Oolite system. 


iBMaaOsOfiag* 




I New red sandstone, 
saliferous, or Pollltic 
system. 


■rnmm 


Thick beds of clay. 

Yellow sand, with beds of Iron ore. 

Argillaceous sandstone. 

Portland stone. 

Kimmcrldgc clay. 

Coralline liinestono. 

Beds of clay. 

Thick iMMts of linn^Htone. 

Thin beds of limestone and slaty clay. 


lied MUMtstunu with varIrKSIcd msrks. liliiv, yellow 
I Slid nU, ubouiidinK In i(yi»»uiii, anil riM'k -Mil. | 
and called 


Carboniferous system. ' 7 e 



I Coal measures containing varlnus beds 
of coal, slate ami saiidstoiH), in alter- 
nate layers, with ironstone, clay, and 
freestone of various qualities. Thi^ 
form vast t^ncuve patches like a series 
of Irregularly shaped disiies. 

coarse sandstone and 


BfounUin limestone, iti thick beds, with 
■hales, saiidstuiies, and Inferior coal 
in many alternations — deposits of 
lead ore. 


Essex. Kent, Isle of Shep- 
pey, Middlesex, Hants. 


Cliflli at Dover and Brighton 

Flamhorough Head to 
flpiUbjr. 

Kent, Sussex, Isle of Wight 


WeaJd of Kent Sussex, and 
Surrey, spreading into 
Hauts, Isle of Purbeck. 


A narrow course ftom north 
of Lynn to Portland. 

NeighiMiurlKNMl of Oxford, 
Lmcolushire fen clay. 

Waving from I'ees.mouth 
to Dorset. 


OlMwhlrp, Stair., WsT., NotU., 
York*., l.ani:. sna 
nelsliliwirhood of I 'srlUlp. 
HundvrI., Farry-lMrldKe.MsnirtsId. 


lied and brown sandstones, with ron- 
glomerates, marls. and limestones, the 
prevailing colour of all a dull red. 


Thick M-ds of sandstone and limestones, 

with slates. 


Vast slate rocks, with conglomerates, 
and dark limestones. 


Tar?irTrT»oun^hct>lland, 

nortiierii counties of 
England, some of the 
midland, .Somersetshire, 
and houth Wales. 


Northorn rnunties, Derby- 
shire, Notts. 


Northumberland, Durham, 
Yrirkhhire, Derbyshire, 
Monmouth, Glamorgan, 
Pembroke. 


Scotland, Salop, Hereford. 
Monmouth, Soutii Wales, 
Somerset, Devon. 


BorXTTounnei^i^Bnx lanT 
and Wales, and South 
Wales. 


North W'ales, Cumberland, 
W'estmoreland, Lanca- 
shire. 


limestone, and hornblende scl 


ry stall 
L'hlst. 


Granite. 




Layers of gneiss and quarts rf»ck, alter- 
nating with crystalline limestone, and 
mica schist 


|*erthshlre, . Argyletblre, 
Isle of Jura. 
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This diagram exhibits a view of the succession of strata as developed^ in Great Britain, 
, and, excepting some circumscribed continental tertiaries, we have, within our own island, 

! the representative or the equivalent of almost every formation whose existence has been 

1 ascertained. This order of succession is invariably maintained ; for tliough many members 
of a group may be wanting, and also many groups, those that occur arc found universally 
to occupy the same relative position. We may suppose the series to occur, 

* A A A C 

« J> » D B 

C 

1) or as — or as — but it never occurs as a or as r or in any such inverted order. 

K K — — D 

, — c o - 

O a O r r. 

Thus, a system low in the diagram may be found immediately under the surface soil of a 
district, or quite naked to inspection, all the intermediate groups being absent ; as the 
magnesian limestone in Durham, the coal in Fifeshire, the old red sandstone in Here- 
fordshire, and the slate in North Wales ; but if these lower groups in the diagram appear at 
the surface, then, however deeply we might pierce the strata there, we should never come 
to any of the systems higher in the scale. It would be vain to sink a shaft in search for 
chalk in Durham, or for magnesian limestone in Fife, or for coal in Hereford, or for 
the old red sandstone in the neighbourhood of Plinlimmon, because the formations sought 
are superior in the series to those which occupy the surface in the locaHties named. 
Hence a practical knowledge of the succession of strata would have prevented the expend- 
iture of thousands in the search for coal, in situations geologically beneath it, or so far 
overlying it as not to be accessible. The absence of groups of strata, to which we have 
referred, may have arisen from the action of water, subsequent to deposition, denuding 
and washing them away, dilFusing their materials upon the floor of the ocean, or entering 
into fresh formations ; or other modifying circumstances may have prevented their deposi- 
tion altogether in such sites. 

Travelling from tlie metropolis across our own island in a north-west direction, we 
successively meet at the surface with the several groups of strata which appear in the 
diagram. Around London we find the tertiary deposits, which spread from thence over 
nearly the whole of the eastern coast of England to beyond the Humber, covered with 
accumulations of alluvium and drift. The chalk is encountered in the counties of Hertford, 
Bedford, or Buckingham ; the oolite in Northamptonshire ; the new red sandstone and 
carboniferous systems in Leicestershire and Staffordshire; the old red sandstones and 
Silurians in Salop; and lastly, the Cambrian, mica-schist, and gneiss groups occur in the 
alpine or mountainous districts of Great Britain, which extend, with some interruptions, 
along its western side. In describing the several systems of strata, some writers traverse 
the series descendingly, commencing with the uppermost or most recent deposits ; but the 
more natural plan is to proceed ascendingly, beginning with the lowest formations, the 
earliest in point of time, and the storehouse whose materials have contributed to the 
production of the rest. The lirst step in an arrangement of this kind involves a reference 
to formations of more ancient date than the oldest of the strata — the unstratified 
foundation rock — the granitic jdatform, upon which all the other deposits are based, sinking 
’ to depths which the eye of man can never explore, and rising in mountain walls and 
pinnacles to heights which only a few of his race have reached. This will form the 
subject of the following Chapter, in connection with the other igneous masses in general, 
exccj)t those which have been formed during the age of man, which will hereafter be 
noticed. 
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CHAPTER ir. 

PLUTONIC OR IGNEOUS ROCKS. 

T.UTo, presiding over fire, was early in- 
troduced into tlic nomencluturc of geo- 
logy, to supply a generic title for those 
vast masses wliicdi eimsist of melted 
mineral matter eooh‘d down, which have 
been driven up from the interior dc*ep- 
a(5ated regions of the gloU', from whence 
the lavas, seoriaj, and ashes of the modtTn 
e[MK!h are erupted through the volcanic 
vents. Recurring to former pages of this 
work, some of the evidence will be found 
recorded in favour of the doctrine, that 
the interior shell of the solid crust upon 
which we tread is in contact with an 
immensely high temperature, which per- 
meates through it, gradually diminishing 
with the distance from the fix^us of heat \ 
and that at a certain extent below the 
surface of tlic‘ earth, perhaps not more 
than thirty miles, matter exists in a state 
of fusion. According to some emimmt 
geologists, tli(*v volcanic action tlmt marks 
the present history of our planc^ is the 
comparativtdy fe(d)ler piny of identically 
the same causes, which, in the earlier part of its story, operated witli ineonc/uvuble energy 
in the structure and configuration of its fraine*w'ork. It must be admitted, that nothing 
analogous to the productions of ancient time — the granites and porphyries — ran now be 
seen in the course of formation upon the actual surface of the globe ; yet we can only 
be acquainted with part of the workmaiishipof the volcano — with the products qjected — 
whose diverse character is no proof tliat granite is not elaborated in the depths of the 
furnace. Be this as it may, the evidence is irresistible of the intense action of heat in 
the construction and elevation of those rocks to which the term Plutonic or igneous has 
been attacheil, and in the transformation or iiictamorphic change of the primary strata. 
Mr. Lyell distinguislies such rocks by the term Hypogenous, from vro and “ pro* 

duced under,” or netber-forined but such an appellation is scarcely distinctive, for it 
will equally apply to the sedimentary strata, constructed and consolidnt<^d beneath the 
waters of the ocean. There is no valid reason in this case for changing a well-known 
nomenclature, 'wliich, in every science, should be as little disturbed as jK)ssible. 

The igneous rocks have been variously classified by Dr. Ma^icullocll, M. Brongniart, 
and Mr. Scrope, according to their mi nerulogical composition; but a more general, though 
less scientific, arrangement is prevalent. This refers to the different aspects of igneous 
products, which have resulted more from the varying circumstances under which cooling 
down and solidification have taken place, than from any original and real difierence of 
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nature. Hence we have the Granitic, Trappean, and Yolcamo rocka-^the popular 
distribution <-*-from which there is no necessitj here to deviate. 

GBAKnio Books. — Flinj uses the word gj^eramiei to d^ote a particular kind of 
ston^ to which some writers refer the word ^rra^iie, but more pr(^blj the granular 
structure of the rock itself originated the term. Its essential ingredients are quarts, 
felspar, and mica ; the felspar in general predominating, and the mica occurring in the 
smallest proportion. These constituents vary considerably in size, being sometimes very 
coarse, and in other cases so fine as to be scarcely visible to the naked eye ; and between 
these extremes there exists an almost infinite variety. The fine-grained varieties are the 
best adapted for economical purposes ; but the coarser abound most in interesting simple 
minerals. The ingredients of granite vary also as to colour, and that in the same in- 
gredient. Felspar occurs usually dark-red or white ; quartz, white or grey ; and mica, 
black, brown, or white, and in various degrees to silvery. Hence the diflferent hue exhi- 
bited by the rock, from the flesh-coloured granite of Scotland to the white of Cornwall. 
The coping-stones of Waterloo Bridge show the red, and the balustrades the white variety. 
The preceding ingredients enter into the composition of all true granite, but frequently 
one is unusually predominant, or entirely wanting and without a representative ; or talc, 
hornblende, or hypersthene supply its place; or one of these is added to the three con- 
stituents, and hence the following varieties : 

Granite of Two Ingredients. 

Felspar and mica ; quartz and mica, either uniformly mixed, oa in Muncaster Fell 
Cumberland, or in segregated portions, constituting graphic granite 5 quartz and horn- 
Dlende ; felspar and hornblende, common in Aberdeenshire. 

Granite of Three Ingredients, 

Quartz, felspar, and mica, uniformly blended, constituting the true specimen, or with 
distinct additional crystals of felspar, composing porpliyritic granite, a fine example of 
which occurs near Shap in Westmoreland; quartz, felspar, and mica, the quartz and 
mica very rare, and the felspar predominant, forming felspathic granite, the whitestone 
of Werner, eurite of the French, and compact felspar of English geologists; quartz, 
felspar, and talc or chlorite, the composition of the granite of Mont Blanc; quartz, 
felspar, and hornblende, the Sienitic granite ; mica, quartz, and hypersthene. 

Granite of Four Ingredients, 

Quartz, felspar, mica, and hornblende, or actinolite; quartz, felspar, mica, and compact 

felspar, or porcelain clay ; quartz, felspar, horn- 
blende, and chlorite, or steatite. 

Grapliic granite, a binary composition, is so 
called from an arrangement of the quartz and 
tlie felspar, which gives to the surface of the 
rock, upon being polished, the appearance of an 
inscription with Arabic or Oriental characters. 

The accompanying cut represents an example from 
the northern UniUnl States. It is only found in 
veins. One of its best- known localities in our 
own country is 1‘ortsoy, on the coast of Bunfi- 
shire, where a vein occurs in mica-slate. 

Sienitic granite, a ternary compound, in which hornblende., either wholly or partially, 
supplies the place of mica, giving a darker hue to the mass, has received its name from | 
Syene, in Upper Egypt, wliere it is found in great abundance, and is the common mate- ; 
rial of the ancient monuments in that country, the Pyranuds and Pompey's Pillar. When ! 
it was ascertained that Mount Sinai, in Arabia, w as composed of it, one of the French i 
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geologists proposed the substitution of Sinsite for Sienite, but the suggestion hss not been 
idopted. In the Malvern Hills, and those of Chamwood Forest in Leicestershire, com- 
mon granite is found frequently passing into the sienitic variety, in the same bed. 

Diorite or greenstone is but little different from the sienite, containing a larger pro- 
portion of hornblende or augite; the latter an earthy mineral, usually of a greenish 
hue. It might therefore be called dioritic granite. The block out of which the head 
I of Memnon (in the British Museum) has been hewn, exiiibits an instance of sienite 
’ passing into greenstone in the same mass. 

Hypersthenic granite is another variety, formed by scattered crystals of mica in 
an admixture of quartz and hypersthene, an earthy mineral, so denominated from the 
Greek, in allusion to its difficult frangibility. 

Granite forms wliat may be called the skeleton of the solid crust of the earth, of which 
the various systems of strata are the clothing ; for wherever these are seen to th(»ir very 
I base, they are invariably fonnd in all parts of the world to rest on true granite, or some of 
: its varieties. It follows, that any idea formed of its diffusion from what meets the eye 
' is fallacious, for the superincumbent strata, in layers of enormous thickness, shroud 
I it from the observation of man. It may be regarded ns a universally diffused rock, 
entering into the composition of the whole lower portion of the solid shell of the globe. 

' But in various parts of the world it appears at the surface, rising in lofty mountains 
! above it. The chief localities are : — 

! Great Britain — Cornwall, Devon, North Wales, Malvern Hills, Charnw'0<>d Forest, 

I Cumberland, the Highlands of Scotland, Isle of Arran, the Wicklow Mountains in Ireland. 

Europe — Finland, the Dofradeld Mountains, the Hartz, the Black Forest, the Alps, 
the Pyrenees, tlie Carpathians, and Central France. 

Asia — Siberia, the Caucasian, Uralian, Altain, and Himmalayan ranges. 

Africa — Mountains of Upper Egypt, the Atlas Mountains, at the Cape of Good Hope, 
where it forms the base of the Table Mountain. 

, America — Cape Horn, the Andes, sides of the Orinoco, Venezuela, M(*xico, New 
York, Pennsylvania and Virginia, Greenland, Melville Island. 

In the higher mountains of the Swiss Alps, granite is usually confined to the base, 
the summits consisting of sedimentary strata ; but in those of Savoy, jirotogine, a granitic 
variety, in which there is little or no mica, but talc or chlorite, or steatibJ in its place, 
appears at their very crests, forming the top of Mont Blanc, which rises to the height 
of upwards of fifteen thousand feet al>ove tlie level of the, sea. The Hirninahiya range 
ascends to a far greater altitude, but the uppermost ridges appear to lie cfimfKiwnl of 
stratified rocks ; and the summits of ('himborazo, Antisuna, and Pichineba, in the Andean 
chain, consist of vast masses of porpliyry, basalt, and modern volcanic matter, the granite 
only appearing at the height of between eleven and twelve thousand feet. When Hum- 
boldt was exploring the Andes, he found tlie granite so covcrc<l over with other rocks, 
that he thought a person might travel for years through the mountain districts of IVru, 
without even suspecting its existence there. Probably, therefore, in the instance of Mont 
Blanc, granite occurs at its greatest elevation upon the face of the globe. Saussure reached 
its crest in the year 1787, after eighteen hours’ hard and incessant labour, besides several 
spent in repose and refreshment. At four o’clock in the afternoon of the second day ocjcu- 
pied in the journey, he pitched his tent on the second of the three great plains of snow in- 
tervening between Chamouni and the top, nine thousand three hundred fcc^t alxivc the level 
of the sea. The next day the summit was gained at eleven o’clock, where he remained five 
hours, and made many observations. “ From this elevated observatory,” he states, “ I could 
take in at one view, without changing my place, the whole of the grand phenomenon of 
these mountains ; namely, the position and arrangement of the beds of which they are 
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composed. Wherever I turned my eyes, the beds of rock in the chains of secondary 
mountains, and even in tlie primary mountains of the second order, rise toward Mont 
Blanc and the lofty summits in its neiglibourhood. The escarpments of these beds of rock 
were all .facing Mont Blanc; ; but bc^yond these chains were others, whose escarpments 
were turned in a contrary direction. Notwithstanding the irregularity in the forms and 
distribution of the great masses that surround Mont Blanc, and those which constitute 
the mountain itself, I could trace some features of resemblance not less certain than im- 
portant. All tlie masses that I could see were composed of vertical plates, and the 
greater part of these plates were ranged in the same direction — from north-east to south- 
west. I Iiad particular pleasure in observing the same structure in the lofty peak of 
granite called the Col du Midi, which I had formerly endeavoured, but in vain, to 
approach, being prevented by inaccessible walls of granite. After the second day’s 
ascent, this lofty pinnacle was beneath me ; and 1 fully convinced myself that it is 
entirely composed of magnificent plates of granite, perpendicular to the horizon, and 
ranging from east to west. 1 had formerly been induced to believe that these plates 
were folded round the j>eak, like the leaves of an artichoke ; but this was an optical illu- 
sion, when seen ini [Kjrfectly from below. Here, where the eye could as it were dart down 
into the interior structure of the mountains, the plates of rock appeared regularly parallel 
in a direct line. I was also particularly desirous of ascertaining, whether the vertical 
licds were composed of the same substances at their summits as at their bases, where I 
had so frequently inspected them ; and I am perfectly satisfied, from actual examination, 
that they preserve the same nature through their whole extent, and are the same at the 
summit os below,” The vertical position of the la^ds of granite composing the chief part 
of Mont Blanc, and the Col du Midi, together with the same arrangement of adjoining 
stratified formations, and their general direction towards the point of highest elevation, 
profoundly impressed the mind of Saussure with the eonvietion, that this configuration 
had been produced by forces acting from Ixincatli. Viewing, however, the Alps in the mass, 
we do not contemplate the effect of a single upe.ration of nature, as w'as formerly imagined, 
but tbc result of sueeessive elevations taking place after great and unequal intervals. 
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Aiguille de Dm. 

The external forms of granitic rocks are 
very various, much depending uj>on their 
texture, and con8(*quent capacity to resist 
decomposition from atmospheric agencies, 
yielding material are tame and uninterestin 
been rounded by the disintegrating action of t 
rains, as in Ben Lomond and other parts of the (iSranipians 

in Scotland ; but others of a harder quality [irotrude in wild and rugged amorphous masses, 
as in Aberdeenshire ; or in grand .serrated structures, forming picturesfjue i)yramidal peaks 
rising into spires, as in the Isle of Arran and at Mont Blanc. The serrate or noUdied struc- 
ture originated the application of the word sierra to niountuins of that sha^ic. The idon- 
gation of notches into spires is finely displayed by tin; aiyuillcs around the monarch of 
SwiUerland, particularly the Aiguille de Dm, a singular granitic construction, the most 
striking object, next to the glaciers, in the valley of Chamouni ; for the eye cannot embrace 
the huge dimensions of “ sovran Blanc.” The aiguille is apparently isolaUjil, and reaches 
the height of eleven thousand feet above tlie level of the sea, the Ufiper part forming one 
continuous shaft of more than four thou.sand feet, gradually tapering to a {joint, of course 
perfectly inaccessible. The sides are rounded, and are said to have a polish or glazing 
like that which is sometimes on granite rocks exposed to the action of the sea ; “ but 
this,” observes Mr. Bakewell, ** I could not discern with my telescope. It appeared com- 
posed of per{»endiciilar {dates of graniu*.. By what means it has been sba{>ed into its 
j present form it is difficult to conceive. When approaching the (> lacier de Bois, it is impos- 
i sible to view without astonishment this is^ilatcd pinnacle of granite, shooting up into the 
I aky to such an amazing height. I have neither seen nor have I heard of any {unnocle of 
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granite in the Alps that can he compared with it for the elegance of its form, or for the 
length of its ahaft. The Geant, it is true, is nearly equal to Mont Blanc in height, but 
! it does not rise so far above its base as the Aiguille de Dru.” The view exhibits this 
extraordinary shaft — the Aiguille Vert behind it — the Glacier de Bois descending into 
the valley, a continuation of the Merde Glace — and the Arveiron flowing at the bottom. 

Tliough st^veral HpiKumcns of ancient art are compost'd of granite, and, as the monu- 
ments of Kgypt b<3ar witness, are of extreme durability, having stood the wear and 
tear of tliousands of years without much injury, — the existing state of granitic rocks 
of tlie hardest Uixture sigriificttnily intimate the destructive effect of agencies acting upon 
them through longer intervals of time. A great number 
examples occur around the islands of Scotland, of huge 
inasw^s of granite having been w'orn away, and separated 
into fraguientH, liy the action of the sea, as here repre- 
ili/ semted : while to tlic north of Aberdeen, the bold granite 

(lu ' V const has been singularly liollowcd out, by the play of 

^ the waves, into arches and caves — the Bullers of Buchan, 

' afc so called from the peculiar noise produced in them by 

the stonny ocean; and the summit of Mount Bennachie 
supplies an example of the manner in which granite 
yiidds to the decomposing power of the atmosphere, 
having In'cn se[)aruted into huge massc's or blocks, irregularly piled, by the mouldering 
away of the base <»r paste. The felspar constituent is the first to decay, and that rapidly, 
if it contains so<hi or [udash in excess, crumbling into sand and dust, which the rains 
carry down into the valleys, and aecumulate in In^ds of clay, in which state the Chinese 
employ it in the niaiiufueture of their finest poreehiin. The celebrated Logan stone 
near the Lund's Knd in Cornwall — an enonnous mass of granite, said to weigh more | 
than sixty tons — which is so delicately poised on tlie fop of other rocks, that a slij^t 
force, the strength of one man, is suflieiciit to tH*t it in motion — is an instance of this 
pnieess. Tniditi<»n, indeed, regards it as a contrivance of the Druids, which they 
employed as an engine of superstition — a kind of ordeal. 

“ JU*ht>ld yon liugi* 

And unhewn sphere of living adninant. 

Which, (Hiiscd by tnngir, rents iti central S'eight 
On yonder pointed rock ; (inn an it seemit, 

Such in itn ntrange and virtuous property. 

It niove!i obnequioun to the gentlest touch 
Of him whone breast in pure ; but to a traitor, 

'lliough e'en a giant’n prowess nerved his arm. 

It stands as fixed as Snowdon.” 

The position of the stouf is the result of the natural process of disintegration, by which 

granite rocks are often sepa- 

^ square masses, gradually as- 

^ ^ suming a spheroidal or 

: rounded form as the decay 

^ proceeds. De Luc observed 
. i» the mountains of Silesia 
^ several of these spheroids, so 

" ^ other, that 

-■ ~ — |jg compared them to a 

oisiiiiefsratad or^nur. number of Dutch cheeses, m 
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represented in the preceding figure. D'Aubuisson mentions, that in a hollow wa^ whicli 
bad been only six years blasted through granite, the rock was entirely deroni)M>si'd to the 

depth of three inches. He also states, that the granite country of Auvergne the 

Vivarais and the eastern Pyrenees — is frequently so much decomposed, tluii the tra- 
veller may imagine himself on large tracts of gravel. But this is owing to a cause 
peculiar to the district, the large development of carbonic acid gas, which pnaluccs 
the granite-rot, styled by Dolomieu la maladie du granite^ the rock subjoctcd to its 
action crumbling to pieces in the hand. Nevertheless, great durability is the prevailing 
characteristic of granite, and hence its extensive employment in the construction of our 
docks and bridges, where that quality is of the first importance. 

Various minerals occur in granite besides those which enter into the composition of 
the rock, either traversing it in veins, or imbedded in it us crystals — as tourmaline, 
miriSli bt^ge, topaz, garnet, and fiuor-spar. l.arg« 

curved crystalline prisms of tourmaline; are I'ound in the 
^ A at Portwiy in Bantfshire, in Norway, the Tyrol, 

Suxony: ii village in the latter country, w here it is 
y p mineral its otln;r name of ichorL 

I’ Mourne granite inounlains in Ireland contain topaz, 
Hi . associated with herge ; and large and magnificent crystals 

I jA furnished by tfn; district of C'airngoriii 

I Aberdeenshire. They arc conifnon also with emerahl 

I " 7 Uraliun and Altain ranges. Among tlie inetal- 

Hferous minerals, tin chiefly tateurs in Cornwall and 
Saxony, but iron is found in the Piedmontese Alps and 
H , yf/'/A *^ke Pyr<;nee8, and occasionally silver. 

Grwiite v«in In Orauwncke. The fact of granite traversing llie stratified formations 

in veins of fantastic description has already been noticed. 'I'liis is u pnaif of the fused 
and melted condition of the roek when erupted, in which state it flowed into cracks 
and fissures of the superincumbent strata. Above is a striking example, given by Sir 

Janies Hall, of the Iv(M;h Dee graniti;, in Wigtoiishin>, 
invading the graiiwaeke, m*ar the top of the hill of 
other jun(!tion8 occur in the same 
neigliboiirh(KHl, the granite meeting the nearly vertical 
strata at various angles, sonietinies in veins nearly a 
1 undred yards wide, hut gradua ly tliinning out. An 
instance, from the upper basin of the Spey, of granite 
veins penetrating the gneiss in a direction purnllel I 
Granite Vein in cjneiM. Strata, and joining together, pnxlueing o]ii»a- 

rent alternations of the two rocks, is here given. In such cases the posterior formation 
of the granite to the invodej strata is very evident; and in fact, whilst the granite gm?8 
back to the earliest stage of the earth’s history of which 
can catch a glimpw, — the oldest 8tratifi<*d rocks, the 
^ " r gneiss, and mica schist systems having la en formed out of 

its disintegrated material, — we have numerous examples 
/ rf of its having erupted at a comparatively modem date, 

J *' ‘ instances of granite formations in <tvery subsequent geo- 

^ ^ logical epoch, down to the tertiary peri ml, being found. 

V ^ example is presented from the Alps, of 

belonging to the upper secondary strata, — kindred to 
oar magnesian limestone, lias, and oolite,— uplifted and turned back by the intruding 
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gnmite ; but in Cluutiwood Foreit, in our oini country, beds belonging to the same 

series lie horixontally upon 
the abrupted granite, here 
shown. It follows that the 
granite of Chamwood was 
elevated before the deposi- 
tion of the strata, and the 
granite of the A^s subse- 

quent to it ; and as rimi- 
Orante of Chamwood. ]ar calcareous formations, 

containing similar organic remuns, must be regarded as of contemporaneous origin, we 
are here presented with an instance of granites of different ages, the English older than 
the Alpine. Nothing can be more conclusive upon this point than the circumstance 
of granitic veins traversing granite, an example of which is given, from the vicinity 

of Carlsbad in Germany, decisively 
^ proclaiming the two eras of the 

^ formation of the mass. In the Pyre- 

V nees, according to M. Dufrdnoy, gi* *a- 

nite veins occur in limestones refer- 
^ lo the upper secondary strata ; 

Weinbohla in Saxony, and in the 
'll 1 county of AntHm in Ireland, the 

‘ ^ chalk belonging to the some scries 

* i' overlaid by the granite, which 

H. *•- shows its production at the epoch of 

the chalk ; and M. Von Buch, De 
' ' ' ' iti' 1 1 Beaumont, and De Luc refer the 

* ^ * '• >■■'■■■ elevation of the granite of the western 

Alps, extending from the Mediter- 
ranean to Mont Blanc, to the still 
(;r«Mnu Will. u. iiwiit . more recent tertiary era, and the 

eastern range is stipposed not to have been upreared until after the deposition of all the 
tertiary strata. Mr. Darwin, also, has advanced the opinion that the granite of the South 
American Cordilleras is of the same comparatively modern date, and has entered and 
contor(<Hl iH'ds bidonging to the tertiary scries. 

Tliere are scvenil igneous rocks, which, though not mineralogically granitic, are 
commonly classed with the granite group, as primitive jwrphyry, whose base is felspar; 
diallage*rock, a conip^uiiul of dialinge and felspar ; and 8er|>entine, which forms large 
masses in its simple mineral state, but is more frequently combined with diallage. 

DiaUage — tlie suussurite of some French writers from its being first noticed by Saus> 
sure scattered in loose bhn'ks over a valley near the Lake of Geneva, and the gabbro of 
Von Bfich — is generally of a greenish colour, and sometimes so unconquerably hard as 
to defy all attempts to n'movc it by blasting. It occurs in the valley of Saas in the 
Haut Valois, enormous blocks being brought down by the glaciers "which descend fmm 
Mont Rosa. It is found therf* also in beds, and on the Italian side of the Alps, in the 
Apennines, in Norway, at the North Cape, and in other districts. Diallage was known 
to artists long before it attractinl the attention of geologists. The Grand Duke Ferdinand 
de Medicis caused numerous blocks of it to be transported from Corsica to Florence in 
1604, where, under various forms, it ornaments the Laiirentine chapeL On account of its 
great hardness and peculiar tenacity, it is used in Vienna as the or^nary paviqg-stone 
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Serpentine — ofVen in alliance with diallage — exhibits shades of light and dark green 
with varieties, has an unctuous feel, and a strongly argillaceous odour. It is (bund in 

rocks and beds in the Alpine districts of Europe, and 
in the promontory of the liaard Fblnt in Cornwall. 
That kind of serpentine to which the term “noble** 
^ applied, Is found in contact with granite at 
Portsoy in Aberdeenshire^ where there is a mass 
: >w]y V. near the harbour upwards ^ five haiidM yards wide. 

colours are, different shades of green and red, dii» 
posed in cloud^ veins, spots, and dots ; all these va- 
rieties sometimes being present in hand specimens. 
It is often cRlh*d the Portsoy marble, and has been 
cixiwrted to France to adorn the palace of Versailles. 
Tile l.iU of Castellamonle, at the foot of the ea.terD 
'^*1**> Turin, is a formation of 

common serpentine, singularly veined with mngncMitc, 
M carbonate of magncsiiu The cut shows a natural 

section of this nick, from M. Brongniart. 

7'or/.*,yrv_the dawical rock, which rewfivcd iM 

name from its colour, iropi^vfui, purph-^ha» a base of 

compact felspar, with iinliedded crystals of ftilspar. 

the hardest of all rocks, and, when 

polished, one of the most enduring : but the stone 

used by the ancients for purposes of 

adornnicnt was rather crimson than 

purple, and exhibits, in fact, almost every 

variety of colour. The summit of Ben 

.a- Ki,; - ^ Nevis, rising to the height of 4S70 feet, — 

i4, (lIlHvium or «UuiluTii, comiKisrd of nillwl iwhblri and r(Hlill*h « lu>iivi.ti.kiaMinrr hill ” nH HCUlie Oaelic 
Mild, e B. miu. or |Mle gnH^n di.liiK gratwl UriH-mln,.. Jn with h Lll-KISSing fllll, RS SOlllt VjaLlU, 

vchii of magneaitif « iitd Mild ntcidulv. a u a, v«>iiu of muKOoUlo. ptvninlo«r|KU trilllKlute the title. — iS Un 
A, clinlct^oiijr ill mMinmllUteil plMt<<a, ill liif tuldit Ml »otn«> of th«*»c r» > 

Tfin*. c e, Triiu of grwn cuiicrtcion.-d horn.tuno. d, luidiiirt of irreiTulnr four-sided iii’ism of primitive 

browoiah-gn.H'n feUiiatlilc (M!r|»<!iitlne in cuiictnitrlc layert. * i i • 

porphyry, of a dark grey or black colour, 
superimposed upon a plateau of granite. The term por|ihyry is not employed now to 
denote any particular kind of rock, but only a certain structure of rock, which will be 
noticed under the next group. 

Trappean Rocks. — We derive the word trap from the Swedisli Trappu^ a stair, 






i®?-: 3^/1 ^ polished, one of the mo 




j applied to certain un.stratiiied rocks, because of their frequent arrangement in the form of 
i a series of steps. The term is somewhat loosely employed ; but the rocks included in the 
i class it designates consist essentially of felspar, in combination with hornblende or uugiie, 

' or with both. It embraces several species, which are very generally diffused over the 
I globe, and furnish indisputable evidence of having been protruded from below in a state 
i of fusion, disturbing the, sedimentary strata by their irruption, and bf^coniiiig associated 
with them in overlying masses, or injected into fissures produced by the distuibance, 

I forming dykes and interstratifications. They belong, apparently, to all ages, from the 
time of the older granites to recent epochs ; and while in many instunfres they arc similar 
to the products of active volcanoes, in other cases they so much rcM.*riible the granite and 
its kindred rocks, that, taken metaphorically, their generic title, as Mr. Bakcwell observes, 
becomes extremely appropriate, as these rocks offer a series <if gradations, or steps, by 
which the geologist may pass from the lava of Etna to the most ancient terrestrial forma- 
tions. The igneous origin of the members of the trap family is very clearly shown by a 
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j common appearance exhibited in the carboniferous system, that of the coal being reduced 
I to a cinder, and .converted into coke, in contact with the trap dykes, which intersect the 
I strata. In general, also, strata of every kind require a greater degree of induration in 
contiguity with trap rocks, loose grits passing into compact quartz, and shales into flinty 
slates, evidencing the action of a high temperature upon them. The engraving represents 



Three Poeltione of Trap. 


a section of the sandstone strata, in the cliffs on the east coast of the Isle of Skye, which 
exhibits all the three modes of position assumed by the trap rocks, 'in the same mass of 
trap. To the left a large mass appears overlying the strata ; from this a horizontal bed 
runs conformably through the midst of the strata, ultimately becoming divided into 
beds, three smaller interstratifying the sandstone ; and from the horizontal bed the trap 
diverges in dykes, or walls. 

The following principal members of the trap family are selected for description and 
remark. 

Greenstones. — These are popularly called whinstones. They ore the most common 
Species of trap, and are ordinarily composed of hornblende and felspar in nearly equal 
i pro|iortions, and less commonly of augite and felspar. When the hornblende preponderates, 

I the rock so formed usually receives the name of hornblende rock. When the grains of 
felspar and hornblende are quite coarse, the result is sienitic greenstone, which is 
fn^quently found in combination with quartz, and then passes into sienitic granite. But 
the varieties are numerous, and are differently distinguished in the geological nomenclature. 
The columnar or prismatic structure is not unfrcquently displayed by greenstone, some- 
times rudely, ns at Corygills in the Isle of Arran, but in other cases, in a very deflnite 
and magnificent manner. It is found in almost every region of the globe, and is 
abundantly distributed through the coal strata of Great Britain. In the Corstorphine 
Hills near Fklinburgh, the sandstone is capped with greenstone, a liundred and fifty feet 
thick, composed of felspar and Iiorii blende, disposed in beautiful stellar concretions, of a 
yellowish-green hue. It (K’curs, in the same locality, in the Salisbury Crags, and in Arthur's 
Seat. 

Basalts.— T\m variety of that mass of melted nx*k which has been ejected at different 
periods from the interior regions of the globe is substantially identical with greenstone in 
mineral coni|K»sition, etmsisting of hornblende and felspar, or augite and felspar; but these 
ingredients are more intimately eombiued and finely granular. A considerable per-centage 
of oxide of iron is also found in basalt, and distinct grains of olivine, a variety of 
chrysolite. Tlie rock has a compact and uniform texture, and a greenish or iron-grey 
j colour, approaching to black. It occurs in very extensive masses, constituting many 
I thousand square miles of the surface of the Deccan in India. Basalt forms dykes and 
i horizontal beds, in both of which it very frequently displays the columnar and prismatic I 

1 structure, which has rendered it an object of great {popular interest. Viewed from -above, | 

i the tops of a number of basaltic <Hduiiins appear like a pavement artificially composed of I 

j hexagonal or polygonal piotvs of stone, nicely fitted into each other, as in Jig. 1. Viewed i 

I laterally from a distance, a range may readily be mistaken for a pile of buildings — the j 

[ fnxiuent appearance of the basalt which rises up suddenly from the plains of the Deccan. ; 

Vieweil in the same direction, in situations where the columns are jointed, and have been I 

jfxposed to the destructive action of the ocean, the mass resembles a building in ruins, as I 
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in,/%r. 2 Fi^, 3 represents n specimen of horizontal basalt. Two beautiful examples of 
basaltic columns are at Staffa, one of the Hebrides, and in the county of Antrim on the 
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'north coast of Ireland, where they form the celebrateil 
Giant's Causeway. Tlie latter is a platform running out 
into the sea, composed of the most compact and homogeneous variety of basalt, which 
is more or less sonorous when struck with a hard substance. The columns forming the 
causeway rarely exceed a foot in breadth, and thirty feet in height They arc chiefly 
hexagonal, but polygons, of five, seven, and eight sidi's, are of freijuent occurrence ; and 
there is one example of a triangular prism. It is not, however, at the Causeway that tlic 
largest-sized columns are found. Fair-head, the highest promontt»ry on the const, rising 
live hundred and fifty lect above the level of the .sea, is entirely composed of them, some 
.of wliicli, aeoordirig to tin? ueeurate numsureinent made during the iveent Ordnance trigo- 
nometrical survey of Ireland, are 317 feet in 
hiught, the sides of thcsi; enormous prisms occa- 
sionally ineuhuring five feet. The vidnity of 
the Causeway utlonls numerous proofs of the 
basalt having been erupted in a state of lusion 
# , from heat, in the eflect produced upmi the 
secondary strata in contact will» it, the ohi red 
sandstone being changed into hornstone, the 
X clay-slate into flinty slate, the coal into coke, 

-V'# I .1 1...1L 


and the chalk into granular marble. The uc- 
coiiipanying illustration represents the basalt 
nK'ks at llertrieh-Badeii, called the “Crottc 
des Frornages,” from its r(‘s«*inhlance to a pile 
of cheese.^. 

vari«!tics (»f basalt, litt\ ing an curlliy admixture under 
different degrees (*f induration, ('link.stone is a basalt in which the felspar greudy 
predominates, a»d the texture iMjcomes very compact and hard, so as m^t to he eahily 
scratched with a knife. I’he rock is of a massive structure, not erystalliseci, ami of a 
greenish or iron-grey colour. It derive.s its iiaiiK* from yitdding a metallic sou ml upon 
l)eing struck, and closely le.semhles the ha.salt <»f tin? Causeway, sometimes exhihiliug the 
same columnar structure, as in Swarthfell in Chimherland, where it i.s «h liued upon a 
magnificent scale. Pitehstotie, another Imsalt, eoiituiuiug a portion ol )»ilumen, is of a 
glassy green colour, res^nnbling oh^diaii or volcanic, glass. It occurs in \ein» in the Isle 
of Arran, and in the c<mnty Down in Ireland ; and is found extensively in the hills 
around the valleys of Trihioch near Messein in Saxony. 'I'he Kilty promontory called 
the Scuir of Egg, in the island of that name, one of the Hebrides, is u gigu?itic pitchstonc 
vein, which seems to ha\e lK*en left in the destruction of the surrouriding rocks. The 
promontory rises 1339 feet almve the wa; and the pitchstone, wliic.h is intensely hiattk, 
with crystals of glassy felspar, forming u substance of great beauty, is arranged in columns, 
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which exceed in grandeur, and in picturesque effect those of Staffo. “ The promontory,’' 
sajs Dr, Maccnlkxsh, “ rests on a bed of compact grey limestone, approaching to a stone 
marl. This bed, which is three or four feet thick, rests on a still lower bed, of hard 
reddidi atone, Masses of bitumenised wood, penetrated with carbonate of lime, are found 
in Hie marl stratum, not at all fattened. Portions of trunks of trees, retaining their 
orfgkuid shape, but petrified, are found in the same stratum ; the rifts are filled with 
sUeadonyt approschiDg in aspect to semi^qmL The columns on this island are both 
piipendictdar and ineliaed, and some of them are bent or curved,'* They vary from two 
fisel to a few inches in diameter. 


The varieties of basalt are frequently associated with and pass into each other. Where 
the columnar stmctore is not distinctly defined, there is often a tendency to it plainly 
developed, as in the basaltic hills near Dudley; while many basalts, which are non- 
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columnar, upon a section being made, or decomposition 
taking place, exhibit a globular construction, as in fig. 4., 
similar to that of a number of hard balls imbedd^ in a 
softer cementing mass. The most important example of 
the occurrence of basalt in dykes is the great Cleveland 
basaltic wall, which cuts through various strata — the coal 
measures, red sandstoue, and lias — in its course of from 


fifty to sixty miles, extending from the west side of the county of Durham, across the 
Tees, and through the Cleveland Hills in the East Hiding of Yorkshire, to the sea be- 
tween Scarborough and Whitby, probably entering the bed of the German Ocean. “ The 
effects of this basaltic dyke on the different rocks through which it passes are truly de- 
serving notice. When it comes in contact with limestone, the limestone is often found 
granular and crystalline. When it crosses the coal strata, and comes in contact with seams 
of coal, the substance of the coal is for several feet converted into soot. At a greater dis- 
tance from the basalt the coal is reduced to coke or cinder, which burns without smoke, 
and with a clear and durable heat. At the distance of fifty feet from the dyke, the coal 
is found in its natural unaltered state. The formation of basaltic dykes is sufficiently 
explained by what takes place in the vicinity of volcanoes. Before the confined vapour 
that afterwards issuers through the crater finds a vent there, the surface of the ground in 
the vicinity of the volcano is frequently upheoved, and fissures of great extent are made, 
into whicii melted lava is sometimes forced, which, on crossing, forms a wall or dyke, in 
every n^spect similar to n basaltic dyke. During an eruption of Vesuvius that took place 
in 1<94, a vent of this kind was formed near the bottom of the mountain, 2375 feet in 
length and 23 < feet in bread! Ii, wliich beeatne filled with compact lava. Kents or fissures, 
of some miles in length, have lH*en o|K*ned on the sides of Etna.” 

Jhrphgries. — It has been previously observed that the term porphyry is not now 
employed to designate any particular kind of rock, but to denote all rocks w'hich hove a 
homogeneous, compact, or c'arlhy base, through which are disseminated crystalline masses 
of some other mineral of contemporaneous origin w’itli the base. It refers, therefore, to a 
distinctive mechanical structure, and not to any peculiar mineralogical composition. The 
substance that forms the base of the rwk gives the name to the porphyry. Hence we 
may hove — 


Felspar porphyry — bas<* of felspar, with crystals of quarts, or mica. 

Greenstone porphyry — base of greenstone, with crystals of felspar, quartz, or calcareous : 
spar. I 

Claystone porphyry — base of claysttmc, wdth crystals of felspar. I 

Pitchstone porphyry— base of pitchstone, with crystals of felspar. j 

Porphyry, in its several varieties, iKours in amorphous masses and in veins; and frequently | 
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presents that stair-like appearance which has originated the use of the word trap. Fig, 5. 
is an example of this arrangement, from the neighbourhood of Kircudbright in Scotland^ 

which shows the outcrop 
of the porphyry on one side, 
forming steps, and on the 
other side, a prqjecting ver- 
tical mass. Strictly speak- 
ing, tiie fenner alone Is 
tnHp*porphyt)r« The per- 

dated with primaiy strata, 
and with granite. Tfaej 
s. «, oranwaeke. 6, Porphyry. general of more an- 

cient date than the basalts, which are commonly in conjunction with secondary rocks. 
The tops of the Andes are enormous porphyritic piles, so arranged, according to Hum- 
boldt, as to strike the eye of the traveller like immense castles lifted into the sky. 

AmygdaloitU. — This is also a term denoting a structure occasionally assumed by all the 
members of the trap family. It indicates generally a base of fine-grained basalt, of a l(K»se 
earthy texture, in which pores or rounded cavities occur, which have been subsequently 
filled up with fluid solutions of various mineral substances, and become consolidated into 
nodules of calcareous spar or green earth, and more rarely of chalcedony and zeolite, 
^ence such rocks often present the appearance of a }>aste studded with almonds, which 
has originated their generic! title of amygdaloids, from amygdala^ an almond. The rock 
familiarly called toadstoiic in Derbyshire is an aniygduloidal trap, consisting of a fine- 
grained basalt paste of an iron colour, containing ncKlules of whilisli calcareous spar and 
green earth, varying in size from small spots to that of hazel-nuts. Wln*re the 
decomposition of these nodules has been effected, the loadstone nssuint'S a vesicular and 
lava-like character. 

There is no part of Great Britain, and hut fcjw places on the globe, which present so 
great a variety of the igneous products noticed, within such narrow hounds, as the island 
of Arran, off the coast of Sc’otland, lying in the hay formed by the peninsula of Cantire 
and the Ayrshire* sliore. It is about twi'iity milcts long by half that number broad. 
The northern part of it consists of a great central mass of granite*, which i»rotrudcs the 
stratified formations of rnieu-slate and sandstone in a grcnjp f»f grand picturesque serratcal 
mountains, distinguished by their spiry forms, stupendous pr(!cipicc.*s, and general desti- 
tution of vegetation. Goatfell, or, ucc<irdirig to the (iaelie, Gaodh Ifhciny the “Mountain 
of Winds,** the highest of them, rising to the height of feet, as estimated by a trigono- 
metrical observation of Macculloch’s, has an cjhluse pyramid of granite for its suiiiinit, i 
c'orisiating of large blocks, eoinpletely barren, with the cxcepticm of a few liclicris. In j 
other parts of the island, the granite; is often prismatic or culsudal, forming immense* j 
tabular mosses, giving it the aspect of stratification In the southern district the red i 
sandstone is the predominating rock. This is pe*netrated by numerous trap veins, 
consisting of dark porphyry with metallic diulluge, black peirpliyritic greenstone, 
earthy greenstone, and claystone with nodules eif green earth, all of which at setveral 
(X)ints are closely aggregated ; and pitchstonc has here one of its chief rejK)Hitories, of 
which Macculloch has enumerated twenty-six varieties. 

Volcanic Rocks. — We include in this class those ancient lavas and tracliytic moun- 
tains, the formation of which took place in geological epochs antecedent to the existing 
arrangement of the earth, though of recent date, and clearly, from their nature, of volcanic 
{ origin. The principal ingredients of trachytic rock are glassy felspar, with some horn- 
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blende, mica, titaniferous iron, and occasionally augite. The name is derived from rpa* 
Xt/c't roughs and expresses the harshness of the substance to the touch* Irachyte is of a 
whitish or grey colour, and appears to have been an abundant product of volcanoes 
during the tertiary period, which have continued to the present to erupt trachytic lava. 
It occurs largely in Hungary and Auvergne, and in vast quantities in South America, 
aome of the loftiest heiglits of the Cordilleras being composed of it. The products of 
extinct volcanoes are entirely identical with those that are now active, and so strikingly 
resemble the older basalts and the other Plutonic rocks in general, that the common origin 
of the whole, mwlified by different circumstances, may be inferred. 

Th<*re ai e no examples of igneous formation in process now within the bounds of our 
own island ; but the granitic and trappean groups are abundantly disseminated, and bear 
witness to the fiery activity of former periods. Playfair estimated the granite in Scotland 
to occupy an area of 940 geographical square miles, equal to 1250 English miles, or about 
a twenty -fifth of the country ; but a more recent estimate gives to the granite of -Nortl^ 
Britain an area of 1760 miles. In England it is supposed to be under 300 miles, or 2000 
in all ; while the trap in both parts of the kingdom is not less than 3000 square mile% 
making the whole extent of the igneous formations in Grreat Britain amount to 5000 miles ; 
about one seventeenth of the whole surface, the larger proportion of which belongs to 
Scotland. We must look for the origin of the Plutonic rocks to those interior regions of 
the globe from whence the igneous products of the present era are erupted ; but while the 
formation of the different groups has transpired from similar causes, it has taken place 
under different circumstances. The granites, excepting the most ancient, have been 
erupted, cooled, and solidified, under the pressure of superincumbent strata ; the trafi 
have undergone the same process, under the depth and prepsure of the ocean ; and the 
volcanic rocks have refrigerated and become solid masses at or near the surface, in contact 
with the atmosphere.. These diverse conditions will explain many diversities of structure 
in these productions of the interior fires ; and, as involving a different rate of cooling, 
they may account for the remarkable distinction l)etween granitic veins and porphyritic 
and basaltic dykes, which has given rise to so much speculation. Granite and its varieties 
are found intruding into the minute fissums of the stratified masses, producing small 
diverging brandies ; while the trappean rocks generally pass through them without these 
ramifications. It seems likely that the circumstances under which the trap erupted 
admittiMl of a more rapid cooling and reduction to solidity than what obtained in the 
caae of the granite. The latter rcbiining its fiuidity longer, penetrated into the small rents 
of the strata, which the former, for the reason assigned, had not the capacity to do. 
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GNEISS, MICA SCHIST, AND CLAY SLATE SYSTEMS. ] 

T is an opinion sustained by the force of geo- 
logical cviileiice, that a time has been, in the | 
history of the earth, when it was in an in- ' 
candescent condition — a molten mass of ! 
matter ; but whetlier this was its first estate i 
— the commencement of that cycle of change j 
it has undergone — or merely another change | 
from anterior solidity, is a point upon which 
geology can pronounce no verdict. The 
proof of the first hypothesis appears in the 
universal diffusion and igneous character of 
the granitic roclrs, which, as we have had 
occasion to remark, while constituting some 
of the loftiest eminences of the globe, we 
are warranted in regarding os a vast crys- 
taUiiic fioor, ui»on wliich all the stratifitnl 
formations repose. The render will bear in 
mind the fact, that at various eras subsectuent to the first deposition of strata, the 
granite pavement has undergone fusion, and been protruded in a fluid state among the 
sedimentary formations. The production of a solid crust wcuild be tlie result of this 
incandescent igneous mass knsitig its beat by radiation into surrounding space, and ! 
this crust would exhibit a surface diversified with inequalities, marked with iirojections 
and depressions, which may he called mouii tains, valleys, rents, and ravines, according 
as the various parts of the surface might radiate heat in an unequal manner. A strictly 
analogous case is the cooling down of a mass of metal after fusion in a furnace, upon 
which blisters and scori® are formed, presenting a similar projKirtion to the quantity of 
metal, as our higliest inoun tains at present do to the mass of the planet. Upon the 
ordinary atmospheric and aqueous agencies, — the decomposing energy of the air, — 
the fall and percolation of rains, — and the flow of streams coming into play on a solid 
rind thus diversified — a consequent disintegration must have taken place, and the 
carrying away of the abraded material held in sus|>eiision or solution by the rivers, with 
its ultimate deposition at the bottom of those basins into which they discharged iheir 
waters, would he the result. In this manner we have strong grounds to believe that the 
first stratified rocks were protluced — the gneiss and mica-schist systems — as well as all 
suhse<|uent deposits ; for it is in harmony with operations that are clearly traceable as in 
progress in the existing constitution of the earth. 

The gneiss and mica- schist with part of the slate systems form the primary strata 
of the improved Wernerian classification ; the inferior order of Mr. CunylKiare ; the 
inferior stratified, non-fossiliferous group of Sir H. De la Beche ; the mctamorphic rockf 
of Mr. Lyell ; and the Agalysian rocks of Alexander Brongniart. 

f^neiu Systern, — The essential ingredients of gneiss are the same as granite — quartz, 
felspar and mica, or hornblende — but sometimes one or more of these minerals are 
absent, and other substances supply their place, which contributes to vary the general 
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compound. Hie elementR of gneiss, however, show decided symptoms of being less 
entire than in granite, having lost their asperity, had the sharp angles rounded or broken 
off, as if water-worn, and display, more or less, a laminated and stratified structure. 
These circumstances mark the a({ueous origin of the rock, which, though obscure in some 
cases, so as to render it difficult to distinguish it from granite, are in general very well 
developed. Three principal varieties have been noticed : — 



The gfinitio, dosely resembling granite, the crjstiilUne grain bmng large and distinct 

The idldstose, having a slaty appearonoe, and easily splitting into layers. 

The laminar, having the various minerals disposed in distinct tlteraaring latninie, 
which give a striped appearance to the rock. 

The last variety is represented above in contrast with granite. The laminm are 
frecpiently undulating and contorted in a very high degree, indicating “a troubled 
condition of the water from which the ingredients fell; or a source of agitation 
in the still yielding sediment, which seems scarcely ever to have occurred among the 
secondary and later strata. The only plausible explanation of this remarkable 
circumstance which has occurred to us,” says Mr. Phillips, « is the agitation of the sea or 
the soft sediment on its bed by heat ; exactly as in the bottoms of steam-boilers, the 
calcareous sediment is formed in irregular undulating laminm, which appear on a cross 
section very similar to the flexures in the lamina; of gneiss.” Except in the variety 
which closely resembles granite, gneiss is very distinctly stratified, as in the beds about 
Locli Sunart in Argyleshire, the strata exhibiting considerable contortions and convolu- 
tions. The colour is usually of a greyish or reddish white, but has a darker tinge when 
hornblende instead of mica enters into its composition. Almost all the metaU are met 
with in gneiss; the Saxon, lloliemiun, and Saltrburg mines are worked in this rock; but 
in Grtjut llritain the metallic ores are not ricli in such situations. At Strontian in the 
Scotch Itighlands, a lead vein, occurring at the juiiction of the gneiss and the granite, was 
formerly cclebruted. 

Gneiss has a very wide geographical range, for hardly any considerable range of 
mountains occui-s without it. In England and Wales it is scarcely known at all, but in 
Scotland It occupies an estimated urea of 9600 square miles. The external aspect of the 
country in which it predominates has been thus described : — « Occupying large tracts 
of the central highlands, the characters which gneiss impresses on the sceneiy'are very 
distinctly iron. It is the least picturesque and most monotonous of the primary rocks, 
the hills being flat and shn|H*less, and their sides embossed with small round protuberances, 
between which the water stagnates and moss accumulates. Most gneiss districts seem 
but a repetition of these features on a great scale, the hills being seldom serrated in 
outline, or broken into nx'ky cliffs ; whilst the valleys or straths are wide and flat, full 
of small lakes or pools, and disfigured by brown heaths and dark morasses. It has 
altogether^ the aspect of a land newly raised from the ocean, in which the rivers have not 
hud time to hollow out channels for themselves, or to complete its drainage. In a 
wonl, all who are in quest of the picturesque should avoid the pure gneiss districts, as 
tJic few spots worthy of notice will be found separated by long dreary uninteresting 
tracks.” One of these excepted spots, we may suppose to be Cape Wrath, the north- j 
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western point of Scotland. This is a lofty headland of gneiss, interst ratified with j 
hornblende, and intersected with granite veins. It projects far out into the rough | 
Atlantic. The weaves driven by the northern stonns have cut deep tissures and caverns ; 
in the promontory ; the pinnacles around it, and the rocks at its base st4irting up tVoin the ' 
bottom of the ocean, striking the imagination as so many guards against the further > 
invasion of the Cape. ! 

Mica-schut System, The mica-schist is a compound essentially of quartz and mica, ' 
and thus differs from granite and gneiss by the absence of felspar as a constituent, i 
Sometimes the mica predominates, or tlie quartz, and occasionally felspar occurs with I 
other substances, as hornblende, chlorite, and talc, producing hornblende, chlorite, and 
talcose slate. Common garnet, also, and stauloriU% are often so abundant as to become 
constituents, and originate the varieties of garnetiforous and staurolitiferous mica-slate. 
In some varieties, it exhibits a fine and regular laminar structure, which gives to the 
rodk a fibrous aspect, as on the opposite page. In talcose and chlorite slate, the distinctive 
elements take the place of mica, quartz forming the other ingredient 'Hiey are usually 
found assooialed together, but the chlorite is more abundant than the talc, and easily 
distinguishable by the green colour, flexible structure, and soapy feel of its chamcteristic 
mineral. Hornblende slate has a daik green colour approaching to black, but it is of 
rare occurrence in an independent form, Ben Lair in Rossnihire being the principal 
mass in Great Britain. Mica slate, on the contrary, is often silvery or pearly white 
with intermingling sliades of grey. The same able Scotch geologist, whose description 
of the gneiss districts of his native country has been given, thus speaks of the associate 
system: — **Mica slate has but little economical value, though in cx|M)8ed situations 
forming a useful substitute for roofing slate. Either alone or mixed with other beds, it 
forms extensive districts, whose scenery assumes various features, according to the |K>wer 
of the rock to resist decomposition. Where soft and easily di^stroycd, the mouiituin 
districts to whicli it is mostly confined are low, tame, undulating, and siddom broken by 
precipices or projecting cliffs ; where it is hard and quurtzos(>, they have a more 
picturesque character, tlie hills rising to 4000 feet or upwards, and running out in long 
serrated edges, with peaked or dumc-sha[>ed summits, abrupt precipices, and deep craggy 
ravines, overhung with birch, or partially covered with vegetation. As illustrations of 
these, it is enough to mention Killicrunkie, Loch Katterin, and the Trosachs, the fantastic 
ridges of GlencnKS or tlie bold, rugged, and stcTile mountains on the west coast.*’ 

The annexed sketch exhibits the two great formations in tlicir order of succession 

alKJve the granite. Classifying both 
groups together, the careful geologist 
just quoted profmscs the following 
arrangement, introducing the sub- 
ordinate strata, which form coiiqioncnt 
parts of them in the order of supra- 
]Kisilion. 

U f*r£U Series. Chlorite slates, apparently uniting the cluy>Hlate and mieu-slute deposits. 
No organic remains. It ranges on the whole south-east border of the Orunipiafis, from 
near Aberdeen to Argylesbire. 

Middle Series. Mica-slates, primary limestone, f|uartz-rock, in various combinations, 
tlie former by far the most predominant, the others only locally imjHirtunt ; the limestone 
occurs in different parts of the series. That of Loch Earn, Inverary, and Balahulisli, is 
in tlie upper part, approaching to chlorite-slate ; that of Gh*n Tilt, and of the vale of 
Loch Tay, is in the lower part. No organic remains. This occupies a great part of the 
eastern and southern Highlands, the north-west of Ireland. 
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Mount Tnygctui from the Pkilni of Sparta. 

Lower Skkiks. Gneiss, with primary limestone, quartz-rock, hornblende slate, &c. 
Gneiss is the predominant rottk, and varies much in all re8(>ects ; the others are of local 
occurrence. Mica-slate alternates with gneiss. No organic remains. The gneiss series 
occupies nearly all tlie Hebrides, and very large tracts of the northern and north-western 
Highlands. 

We have no im{H)rtnnt examples of mica'Schist in South Britain, but in Scotland it 
occupies a calculated area of 41d0 square miles. In connection with gneiss, most of the 
considerable mountain ranges on the face of the globe present rocks belonging to these 
systems, uplifteil, as Vrofessor Pliillips remarks, upon an axis of unstratiiied granitic 
masses, so as to be inclined at high angles to the horizon. “ The great European basin 
is defined by irregular elevations of this kind from the frozen sea to the Atlantic ; by 
the Uralian itnd Caucasian chains, the ranges of Asia Minor, Greece, South Italy, and 
the Atlas ; the irregular western bonier of Spain, Ireland, the north of Scotland, and 
Soandinavia, is of similar structure. Within this area, the Sierras of Spain, the Pyrenees, 
the Alps, and many minor mountains, show the extremely wide expansion of these oldest 
known systems of strati ficil r(H*ks.” 

The primary limestone, mentioned as a subordinate member of both systems, forms 
irregular beds, indistinctly stratilietl, or large lenticular masses thinning out, and again 
increasing. It is composed of caleari'ous earth in its pure state, is generally white and 
crystalline, and bears such a striking resemblance to loaf-sugar as to be called saccharine, 
or ckayjc earbonaiee saceharoid^ by the French. Tlie while variety is the statuary 
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marble of tireece and Italy, but lead-proy, pink, green, and y<dlow varieties occur, and 
sometimes two or more varieties of these colours are united in strijH's, spots, (»r veins. 
The textun? is variously fine and large-grained, the latter distinguishing the marble of 
which the c<‘lebrated Duomo of Milan is constructed, which was taken from tin* mica- 
schist of the lake of Como. The wdiite crystalline limestone used in the arts is fouml 
abundantly in the Grecian Archipelago, the isle of Paros and th(^ promontt>ry of Atla>s 
being composed of it. It occurs also in the Apennines, Alps, and Pyrene<*s, and of 
inferior quality in diftcreiit parts of Scotland, particularly in Hie isle of Skye. Another 
subordinate member of the gneiss and mica-schist systems — tpiartz-nn'k — is essentially 
composed of that mineral. The texture of the rock is either granular, the grains being 
large and distinct, or arenaceous, the grains fine and appanuitly in imperfect contact. 
The intermixture of other minerals gives rise to varieties, hut in all its forms a distinct 
stratification may bt* traced, and wdien micaceous it divides even into thin llags. Quarts 
occupies very extensive tracts of country, either alone or in union with other strata, the 
bcids varying in thickness from n few inches to one or two thousand fwt. In Sulherland- 
shire, between Lochs Eribol and Assynt, and in the isles of Islay and Jura, large eon- 
tinuous tracts occur, which have a thickness of *2200 feet in the latter island. These 
regions have a very peculiar aR|>ect, “ the hills being in general eonoidal, with a smooth 
flowing outline and few asperities, though with numerous scattered fragments. The soil 
that covers them is remarkable for sterility even in this land of barrenness ; whilst their 
summits and declivities, refusing nourishment to the humblest moss, shine with daxxling 
whiteness. Of this kind is the conical Stack Balloch-nan-fey, the last remarkable moun- 
tain on the west coast, whose naked ridge of bright quartz shines in the sun like snow, 
and which was described by Pennant us marble.’* 

It is impossible to make an accurate approximation to the thickness of these groups of 
strata, for the overlying masses prevent their biding adequately explored, and cauw* our sur- 
veys to fall short of the full amount as to magnitude, liut sutfunciitevidenee is attaiimhle 
to vindicate an estimate of several thousand yards, nay, even scrvcrul miles, from the 
charge of exaggeration, when applied to (he thickness of these systems. An enonnous 
demand is made upon time for the production of these immense beds, the sedimentary 
origin of which is proved by the water-worn aspect of their component ingrwlients, their 
leaf^likc arrangement, and lines of stratification. To disiiitegrate to any considerable 
extent a solid rock — to transfer the material by a river-current to any oceanic site — to 
deposit it, and consolidate the deposition, arc excessively slow operations, requiring the 
lapse of centuries to accomplish the formation of a thin stratum. We ore certain, 
therefore, that the building up of the gneissic and mica-schist sysUnns, by the abrasion of 
the granite, and the gradual deposition of the detached matter at the bottom of the 
ocean, must have required a period, with the vastness of which the mind can hardly 
grapple, though perfectly insignificant in Ilis view, to whom “ one day is as a thousand 
years, and a thousand years are as one day.” Of the8<^ two groups. Dr. MiicctilhM:;h remarks, 
“ The thickness of these strata we know to Ikj enormous, their de[>th8 are discovenfd 
by geological observations and inferences : — that they extend to many miles was also 
proved. — We have every reason to know, from what is now taking place on our own 
earth, that the accumulation of materials at the bottom of the ^icean, is a work infinitely 
slow. We are sure that such an accumulation os should pnsluce. the. primary strata 
as we now see them, must have occupied a space, from the contemplation of which the 
mind shrinks,” 

The gneiss and mica-schist systems, with a subsequent formation, belong to Mr. LyfsU’s 
class of metamorphic rocks, or strata which have undergone various metambqihoses by 
proximity to great plutonic masses in a state of fusion. Besides the protrusion of melted 
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granite in veinB and beds among these strata, they have been invaded from below by" 
I other igneous rocks, the porphyries, greenstones, and basalts, which are found intermingled 
with them, forming dykes and disrupting masses peering up above them. Examples of 
this are of common occurrence in the Hebrides, and several parts of the Highlands. 
Reference has been made to the conversion of coal into coke in the neighbourhood of 
a trap dyke — ametamorphic change — and analogously, the gneiss and micha-schist strata, 
subjected to a high temperature by the invasion and inteijection of heated masses forced 
up from t>elow, have had much of their original character defaced, and have become 
in part crystalline, without entirely obliteratiug those traces of laminar and stratified 
arrangement which proclaim their origin. In those instances, where such traces are 
obscure in the gneiss and mica-slate, and they exhibit a pseudo-crystalline texture, 
presenting such a striking resemblance to granite as to render their identification difficult, 
tlie reason is, that besides being composed of granitic detritus, they have experienced 
meiamorphtc change, by the action of heat, through contact with masses protruded among 
them in a state of igneous fusion. In a similar manner, by the application of heat and 
pressure, the chemist may convert sandstone into quartz-rock, and carbonate of lime into 
crystallised limestone. From the contiguity of primary strata to granite, and the 
extensive prevalence of other igneous rocks by which they have been invaded, it is 
obvious that the absence of organic remains in them is not positive proof of a desolate 
world being contemporaneous with their deposition. It is certainly possible that the 
same cause which has rendered them metamorphic may have destroyed fossils imbedded 
in them, with all traces of their presence, so that we are not in circumstances to 
say, ufion arriving at the era of extant remains, that here commences the chain of 
organic life, and that the globe, in antecedent ages, was a habitation without an 
inhabitant. 

Clay Slate System , — This is the lower greywacke, a German miner’s term for grey 
rock, also called the clny-slate or Cambrian and Cumbrian group. The latter denomina- 
tion is that of Professor Sedgewick, from Cambria, the ancient name of Wales, and the 
county of Cumberland, localities where the formation indicated is largely developed. 
Inhere is a grand general distinction in mineral composition between the two former 
systems noticed, w hich are eminently siliceous compounds, and the present, which is as 
eminently argillaceous, consisting of clays under difierent degrees of induration, having 
a fissile structure. It varies, however, from the finest clay-slates to conglomerates, which 
are fragments of quartz, felspar, and mica, united by an argillaceous cement. These 
eoaglonierates, esjK*cially in the upper part of the system, are interstratified with slates. 
UbsiTving the order of sujHT|>osition, Professor Phillips divides and arranges the system 
in the following manner : — 


LTI*EU OR CAMBRIAN CROUP 

JHynlymmon Racks, — Hurd, fine, sandy, or coarse grauwackc, and grauw^acke-slate, 
without organic remains, which is hically productive of roofing slates, and generally 
traversed by an extraordinary abundance of symmetrical fissures. Wales, Cumberland, 
and Westmorland, the Luinmermuir Mountains, Donegal Range, borders of Dartmoor, 
North Devon, Chartiwood Forest. Thickness, in the Cumberland tract, 3000 feet at least 

Jiaia Limestone, — Dark, slaty, calcareous rock, variously associated with the slate, 
luul locally rich in organic remains, both in Wales and Westmorland. Limestone of 
Ilfracombe and North Devon ; of the Hartz, Norway, Brittany, &c. Thickness, in West- 
morland, 100 feet 

Snowdon Rocks, — In this division are rocks of various colours, green, blue, purple, 
3ic., and fine or coarse grain. Good roofing slate abounds, and the peculiar fissility, called 
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cleavage, on which it depends, is very general in all the mass of ri»cks, which art^ some 
thousand ftset thick, both in Wales and Cumberland. In both districts also the sedi- 
mentary rocks are much intermixed with porphyry and greenstone, both in w'ciniug 
beds and dykes, and many parts of the slaty rocks themselves an' really ainygdaloidal, or 
else composed of fragments of porphyry and other igneous n»eks. No organic remains 
have been found in the Cumbrian district, hut they occur in Snowdon. Thickness, in 
Cumberland, 6000 feet at least. 

LOWER OR CI:M«UIAN GKOLl*. 

Clay^slate, — This is a singular uniform mass of laminated argillaceous n\ck, of a 
dark oolour and smooth texture, with vertical cleavage and syniinetricul joints, it is 
devoid of organic remains. 

CkiasioUie^date differs hardly at all from the preceding, except by including crystals 
of chiastolite hnd hornblende, 

HcrnblentUmMlaU* — - This b very different from the rotdt so named in Glen Pitt, for 
its basis b clay*slatei witli intermixed crystals of hornblende or actinolite. 

These three divisions may be about 3000 feet tliick in Cumberland. 

Passing through the series ascendingly, there is little occasion fur remark in relation to 
the lower division. The actinolite is only a variety of the hornblende, which forms the 
slate called after it, a mineral which occasionally i»rc8ents fine radiating fibres, and has 
hence been named after its resemblance to the sun’s rays. Tlie chiastolite imbeddiMi in 
cloy-slate, and comprising one of its varieties, is so called from the form of an X, in dark 
lines, visible on the summits of the crystals. The cliiaslolilc-slate^ a soft, dark kind, 
occurs near Ban'ges in the Pyrenees; at St. .Jag(» di Compostella in Spain, and in the 
Sierra Morena ; at Agnavanagh in Wicklow ; and constitutes In conniTtion with other 
varieties tlie great mass of Saddleback, 2787 feet high, and ol‘ Skiddaw, 3022 feet, in 
Cumberland. 


Snowdonia, a range of variously coloured and indurated argillncc'ous slates, tlu^ lower 
division of the Cambrian group, is of peculiar interest to tin* Geologist ; for here wo meet 
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with the first extant monuments of organic life, which have not hitherto been discovered 
in the Cumbrian district, thougii the same strata are there extensively developed. The 
division includes the high mountains of Carnarvonshire and Merionethshire, where the 
slates are abundantly iiiterstratified with masses of por[>hyry ; and where south Britain has 
its loftiest elevation, Snowdon rising to the height of 3557 feet. In this series of strata, 
both in Wales and Cuniherland, tlie richest metalliferous veins occur, exce[)ting the lead 
and iron ores of the carboniferous system. Greenwich Hospital receives a large revenue 
from the estates of the unfortunate Earl of Derw'entwater, transferred to that esta- 
blishment upon their forfeiture to the crown, and wdiich abound in productive lead ore. 
CorrcHfjonding strata in Brittany and the llartz are also highly metalliferous. The 
up]»er components of the system, the Bala limestone, consisting of a vast thickness of 
dark laminated beds in Wales, present many fossil remains of a few^ species, but none 
have lieen found in those jmtehes of the strata which occur in Westmorland. Tlie Plyn- 
lymmon Rocks, hard, slaty, fine or coarse-grained, occupy the greatest part of the chain 
of the Berwyns, of whi<,*h Plynlyminon is the central mass. Tlujy have few metallic 
riches, and api>eur to be nonfossiliferous. 

The whole region of tlie slates exhibits a magnificent physiognomy, having been 
largely invatktd by the igneous rocks, which have variously elevated the strata, and burst 
through them in great masses, or flowed into them, forming inter-stratifying layers and 
dykes. ** Supported by granite,” says Phillips, “ and mixed with igneous masses, the 
skty rocks of the English lakes rise to more than 3000 feet in height, and present a 
variety of outline and intricacy of combination which, in connexion with clear lakes and 
considerable waterfalls, leave to Switzerland little superiority.” At Burrowdale, Scaw- 
fell, Patterdale, and Helvellyn, the slate is associated with greenstone, amygdaloid, and 
argillaceous porphyry, which constitute the towering crags and lofty precipices of those 
districts, and form the rocks over which the cataracts fall. The contour of Snowdonia 
exhibits a similar style of landscape, and indicates the amazing energy with which 
disturbing causes have acted ujmn it, the intruding porphyries here, as in Brittany, 

: Cornwall, and in the Lammerrauir Hills on the southern boundary of the plain of the 
I Lothians, having been sulijtH’t to subsequent disturbance equal to that of the strata. 

I “We iKtguii a toilsome nmrth,” .says Pennant, speaking of his ascent of Snowdon,” clam- 
1 bering among the rocks. On the left were the precipices over Cwm (valley) Hrwynog^ 

; with A/yyi (the |mk)1) du yr Arddwy at their foot; on our right were those over the 
! small lakes IJyn GUts^ Llyn y Nadroedd, and Llyn CocL The last is the highest on 
i this side of tlie mountain, on whose margin we were told that, in fairy days, those dimi- 
I iiutive gentry kept their revels. This space between precipice and precipice forms a 
j abort and no very agreeable istlimus, till we reached a verdant expanse, which gave 
! us some respite before we laboured up another series of broken crags ; after these is 
: a second smooth tract, which reaches almost to the summit, which, by way of pre- 
! eminence, is styled y IVyddja^ or the conspicuous. It rises almost to a point, or, at 
least, there is but room for a circular wall of loose stones, within which travellers usually 
I take their repast 

! “ The mountain from hence seems propped by four vast buttresses, between which are 

four deep jewms, or hollows : each, excepting one, had one or more lakes lodged in its 
distant bottom. The nearest was Ffynnon IAa$y or the green well, lying immediately 
Ih'Iow us. One of the company had the curiosity to descend a very bad way to a 
jutting rock that impended over the monstrous pret'ipice, and he seemed like Mercury 
rcMwly to take his flight from the summit of Atlas. Tlie waters of Ffynnon Lias from this 
height appeared black and unfathomable, and the edges quite green. From thence is a 
succession of bottoms, surrounded by the most lofty and rugged hills, the greatest part of 
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I whose si(h‘.< are quite mural, and form tlie most magnificent aniphitheatre in nature. The 
I IVyddfa is on one side ; Crib y DhtiW^ with its seriated tops, on another ; (Vi7; Cmh, a 
ridge of fu ry redness, appears beneath the preceding ; and opposite to it is tlie boundary 
(•ailed IJiwedd. Another very singular support to this mountain is Y Clawdd (W//, 
rising into a sharp ridge, so narrow as not to afl'ord breadth even for a path.*' 

: Pennant proceeds to remark: — “The view from this exalted scene is unl>oundcd. In 

a former tour 1 saw from it the county of Chester, the high hills of Yorkshire, part of 
the north of Pmgland, Scotland, and Ireland ; a plain view of the Isle of Man ; and that of 
; Anglesey lay extended like a map beneath us, with every rill visible. I took much pains 
; to see this prospect to advantage ; sat up at a farm on the west till about twelve, and 
walked up the whole way. The night was remarkably fine and starry ; towards morn the 
stars faded away, and left a short interval of darkness, which was soon dispersed by the 
dawn of day. The body of the sun appeared most distinct, with the rotundity of the 
moon, before it rose high enough to render its beams too brilliant for our sight. The sea, 
which bounded the western part, was gilded by its beams, first in slender streaks, at length 
glowing wdth redness. The prospect was disclosed to us like the gradual drawing up of a 
curtain in an amphitheatre. We saw more and more, till the heat became so powerful us 
to attract the mists from the various lakes, which in a slight degree obscured the jirospect. 
The shadow of the mountain was flung many miles, and showed its bi-capitated fonn; the 
Wyddfa making one. Crib y Distill the other. 1 counted this time Ixdween twenty and 
thirty lakes, either in this county, or Meirionydd (Merioneth) sliirc. The day proved so 
excessively hot, that my journey cost me the skin of the lower part of my face before 
I reached the resting-place, after the fatigue of the morning. 

** On this day the sky was obscured very soon after I got up. A vast mitt enveloped 
the whole circuit of the mountain. The prospect down was horrible. It gave tlie idea of 
a number of abysses, concealed by a thick smoke, furiously circulating around us. Very 
often a gust of wind formed an opening in the clouds, which gave a fine and distinct vista 
of lake and valley. Sometimes they opened only in one place ; at others in many at once, 
exhibiting a most strange and perplexing sight of water, fields, rocks, or chasms in fifty 
different places. They then closed at once, and left us involved in darkness ; in a small 

8pa(;c they would separate again, and 
fly in wild eddies round the middle of 
the mountains, and expose, in parts, 
both tops and bases clear to our 
view.” 

But Snowdon — the Saxon trans- 
lation of the Welsh for snow-moun- 
tain — with the ranges in connexion 
with it, acquires peculiar interest, 
from its presenting us with the dawn 
life in the world which we 
inhabit, as far as extant monuments 
serve to unfold it — the morning twi- 
of 

which broke iniineasurable ftges be- 
fore the present epoch. Professor Phillips sjieaks of having found, himself, in the slates 
of Snowdon, Zoophyta (lamelliferous corals) and Brachiopodous (urm-feet) bivalves. ITie 
latter arc mollusca, so called from having two long, spiral, fleshy arms, or brachia. 
The above specimens he obtained from .Snowdon in the year 1 836. 

“ It may surprise,” he observes, “ the sjieculators in cosmogony to hear that these, the 
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CHAPTER TV. 

THE SILURIAN SVSTE^tf. 




‘ ^ ^ ' 

Tlie Hone Well, Ludluir. 


Ni>ER this title a great S(^hcme of ilcposits is 
clnssedf lying ujHjn the sloping sides of the 8lat<‘8 
of U’^ttles, formerly included in the ill-defined 
grauwockc group, and (H>n8titutiiig the middle 
division of that series. Hy the cawful re- 
searches of Mr. Munrhison these rocks Imve 
betm firmly established iw an inde]Mmdeitt 
system, having distiiua physical featiinrs, litho- 
logical structure, and organic remains. The 
^ name is derived from llie native denomination 

ti,o British region, where the system is 
developed in remarkahh^ perfectiem. In the 
country of the Silures, that brave and w'arlike tribe maintained 
a desperate and frtMpieiitly sucet'ssful opposition to the military 
ambition of Rome ; and ever after the defeat aiul captivity of 
their leader, the heroic ami unfortunate C'uradoe, tins Carae- 


tacus of history, whose unbr(»ken spirit and noble dtuneammr in adversity commanded 
the adjniration of the Kmperor Claudius, they rallied again to c(»n 4 iier, and were not 
finally vampiished until the reign of Vespasian. 


“ III nneient days 

The Koman leghuis and great found 

Our fatherH no ineoii foes" 


Their territory embraeed a considerable portion of South Wales, with parts of the 
border counties of England, tliongh its exact limits cannot now be didined. It had within 
its bounds the counties of Radnor, Brecon, Hereford, and Monmouth, an<l probably ex- 
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tended beyond tbe Midvern bills to the banks of the Severn, thus including the north- 
west of Woroestershire and the southern half of Salop. Here, memorials of the former 
inhabitaiits ffBH survive. Siluria is marked in tho f^^nance maps as the name of a farm 
stiar^^ of the district, not far from the town of New Radnor; and the Caradoc 

hi&i'lii Soiith Salop commemorate the gallant chieftain who resisted the Roman arms in 
their iiei^^hbourhood. 

' it most not be understood that the geological Siluria, as developed on the frontiers of 
Siigland and Wales, is connected with the limits of the geographical ; but the two are so 
far coincident as to justify the application of the term to the formations indicated by it. 
The general form of the Silurian region is that of a crescent, running out from beneath 
the old red sandstone of Herefordshire, extending northward by Llangollen to the beautiful 
vale of Clwydd. It is intersected by the Severn at nearly the widest part, which is 
about twenty-five miles. The river runs obliquely through it from Newtown in Mont- 
gomeryshire to the plain of Shrewsbury. The southern extremity is a very narrow strip, 
scarcely four miles across where it is widest, and in some places less than one. It 
extends from the valley of the Wye at Builth, through the wildest tracks of Brecknockshire; 
to the vale of the Towy, along which it proceeds to Caermarthen, and thence in a 
direction nearly west by Haverfordwest to the extremity of Pembrokeshire, terminating 
at St. Bride's Bay. Besides this continuous tract, there are Silurian outliers obtruded 
through incumbent groups of strata, through the old red sandstone of Monmouth and 
Herefordshire, and through the carboniferous series at Dudley and Walsall. 

Since the establishment of the Silurian rocks of South Wales and the border counties 
as a separate system, it has been discovered, as might have been inferred from analogy, 
that the same series of strata is very widely distributed, and appears in very distant 
regions of the globe. Formations belonging to the same class are recognised, and of 
considerable dimensions, between Kendal in Westmorland, where they repose upon the 
Cambrian rocks, and Kirkby Lonsdale in Yorkshire, where they dip under the old red 
sandstone of the valley of the Lune. They occur also obscurely in Devon and Cornwall. 
In the south of Ireland, on tlie southern frontier of the Ardennes in France, in Servia 
and the adjacent parts of Turkey in Europe, in the neighbourhood of Smyrna and the 
Cape of Good Hope, in the Ilartz mountains and in Norway, the Silurian system 
appears. It has been stated by Mr. Conrad, of the New York Geological Survey, that he 
can not only identify the Silurian system generally with rocks in that state, but also 
the subdivisions ; and that the strata are more fully developed in that country than in 
England, particularly about the borders of the great lakes Huron and Superior. From 
the Falkland Islands, Mr. Darwin brought home masses of rock charged with fossils, 
very nearly related to, if not identical with, those of our Caradoc sandstones. The disco- 
very of this wide diffusion of the strata has produced the reflection, that the generic 
appellation, although perfectly appropriate with reference to British geology, is inadmis- 
sible beyond this boundary ; that to classify rocks of the same lithological character, 
occurring in remote situations, under a title belonging to a particular locality, is invidious 
and incorrect Hence, a transatlantic Geologist, after stating that particular rocks of his 
district range with Mr. Murchison’s Silurian group, remarks: — “We do not, however, 
see any propriety in applying a local term to a class of rocks abundant in every quarter of 
the glol>e ; we have the same right to our Nerepsis, Mispek, and Quaco rocks, as our 
contemporaries across the Atlantic have to their Ludlow, Wenlock, and Caradoc rocks,” 
subdivisions of the Silurian system. But it may be replied to this somewhat jealous 
observation, that as Mr. Morchison led the way in demonstrating and describing a com- 
plete succession of fossiliferous deposits interpolated between the oldest slaty rocks and the 
old red sandstones, to him it of course belonged to denominate the series by a collective 
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name, and to designate its subdivisions ; that nothing could be more natural than to 
describe the system and its components, liU then untraced in other quarters by the 
geographical names of the loca^ties where they were most conspicuously developed ; and 
that so widely has the nomenclature been adopted by the Geologists of Europe, as to 
render it desirable that the term Silurian, which involves no theory, should be retained 
as a generic appellative. 

In composition, the Silurian rocks are arenaceous, argillaceous, and calcareous, show- 
ing in all cases evidence of a sedimentary origin, and in general of a regular and tranquil ' 
deposition, the original lamination of the beds being quite obvious. The system is divided 
naturally into two principal groups, now called the Upper and Lower Silurians, each of 
them supposed to be about 4000 feet in thickness. The upper group consists of soft, 
greenish, or drab-coloured, shaly sandstone, locally called mudstone,” from having been 
completely broken down and softened by exposure. The second division contains hard 
slaty sandstones, with beds of limestone, having a concretionary sub-crystalline texture, 
the lower members consisting of dark-coloured flags, resembling the Cambrian slates 



VTcnlock Rocks. 


Llandoilo Formation. 


below and in many cases passing into them. The annexed is Mr. Murchison’s section of 
the series, and his summary, with some additions from other sources : — I 


Thickneis. SubdivUioni. 

Upper Ludlow 
rock 


Ludlow |<j000f 
Grotiu J 


Aymestry lli 


Lower Ludlow 
rock 


Wenlock lime- 


Wenlock shale 


Lithological Character!. 

Slightly micaceouH thin-bedded, ^ 
soft, greenish-grey snndstone, I 
decomposing into soi\ mud. J 

Dark grey, and blue or mottled I 
argillaceous limestone ; sub- r 
crystalline. 

Sandy shale and flags; dark 
grey and liver-coloured with I 

..I* 1 


} Ludlow ; viciniq 
of Usk. 


Aymestry; Sedge- 
ley near Dud- 
ley. 


I concretions of earthy lime- V Ludlow ; Usk. 
stone, very liable to decom- I 
position into “ mudstone." J 

{ Grey, and blue, concretionary 1 

1 - . -.u L I I Dudley ; Wen- 

limestone, with much cal- r , , ,, , 

luck : near Usk. 

careous spar. J 

( Argillaceous shale, liver-coloured *1 
I and dark grey, rarely mica- I ^igmore valley. 

I ceous with nodules of earthy 
'■ limestone. 

Thin-bedded, impure, shelly 
limestone ; and finely la- 
minated, .lightly micaceous Caradoc; 

• ^ f”"** «"<*“»»«• May Hill j ■», 

Thick-bedded, red, purple, green Li,„deila 

and white freestone ; con- 
glomeritic quartzosc grits; 

^ sandy and gritty limestones. 

( Dark-coloured grey flags, often “j Near Builth ; 
calcareous, with sandstone and r Llondeilo; Pern- 
schist. brokeshire. 

with organic remains, and include some beds 


{ Grey, a 
limest 
careou 


\ 2500 feet ‘ Caradoc sand- 
J stone 


Llandeilo 

Group. 


ilo 1 r 

p j 1200 feet “j 


Llandeilo flags 


The whole of these groups are crowded 
almost entirely composed of them. 


luck ; near Usk. 


Wigmore valley. 


Caer Caradoc ; 
May Hill ; near 
Llandeilo. 


.Near Builth ; 
Llandeilo; Pem- 
brokeshire. I 
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Of these forms of ancieut life, the following genera and species have been well ascer- 
tained ; — 







•a 

Niinihcr 
of Gtiticra. 

Number 
of Species, 

Pisces, true vertebrated fisthefi 

- 


• 


- l.'i 

24 

Crustacea * 

- 

• 


- 


- 10 

37 

Annelida • 


- 


- 


- 5 

6 

Mollusca. Order 

lleteropoda 

- 


- 


1 

11 


Cephalopoda 

- 


- 


- 6 

11 


Gastero|X}da 

- 

- 

- 


- KJ 

34 

Conch ifera 

Brachiopodu 

- 

- 

- 


8 

107 


Monomyaria 

- 

- 

- 


1 

6 


Dimyaria 

- 

- 

- 


- 10 

21 

Crinoidea - 

- 

- 

- 

- 


- 5 

14 

Polyparia 

- 

- 

- 

- 


. 8.' 

0*5 

Sedis incertffi 






a 

} 1;> 

9 

375 


The great majority of these bodies are essentially distinct from the numerous and wcll- 
dcBned fossils of the carboniferous system, and also from those of the old red sandstone, 
which intervenes between the two systems. Mr. Murchison queries as follows : — 
“ Beginning with the vertehrata^ are not the fishes of the old red sandstone as distinct 
from those of the carboniferous system, on the one hand, as from those of the Silurian 
on the other ? Mr. Agassiz has pronounced that they are so. Are any of the crustaceam 
so numerous and well-defined throughout the Silurian rocks, found also in the carbon- 
iferous strata? I venture to reply, not one. Are not the remarkable cephalopodom 
molluscay the Phragmoceras, and certain forms of Lituites^ peculiar to the older (silurian) 
system ? Is there one species of the crinoidea figured, known in the carboniferous strata? 
Has the Serpuloidea longisHmum^ or have those singular bodies the GraptoliteSy or, in 
short, any soophytes of the silurian system been detected in the well-examined carbon- 
iferous rooks ? And in regard to the coralsy which are so abundant that they absolutely 
fbrm.large reefs, is not Mr. Lonsdale, who has assiduously compared multitudes of speci- 
mens from both systems, of opinion, that there is not more than one species common to 
the two epochs ?** A few species of shell-fish, obviously capable by their very nature of 
midtiring great vicissitudes, survived through the interval between the formation of the 
silurian rocks and the accumulation of the carboniferous limestone, but the mass of animal 
existence in the waters at the former period appears to have been obliterated by the 
changes that subsequently modified the aspect of the globe ; and as we may believe, 
through submarine volcanic outbursts, which are now traceable in the silurian district, 
introducing a material to the ocean, poisonous to the life of its inhabitants. In addition 
to animal remains, a few marine plants have been described as occurring in silurian 
deposits, chiefly alg<B (sea-weeds) of four species ; eguisetaceis (answering to the horse-tails 
of our swamps and ditches) of two species ; and filices (ferns) of five species. The algro 
are principally from Christiana in Norway ; the rest from the Rhine-vdley ; but there is 
still some doubt as to the true geological place of the strata containing these vegetable 
relies, whether in the silurian or the carboniferous systems. 

The Llandeilo group. The base of the silurian series is not seen where the superior 
members of the system are conspicuously developed in Salop, but it appears extensively 
in the neighbourhood of the town of Llandeilo in Caermarthenshire, after which it has 
been named. The group consists of hard flagstones, from two to four inches thick, of a 
daik: grey or indigo colour when extracted, which lightens to an ashy hue upon exposure 
to the weather, and interspersed among them, there are veins of white crystallised 
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Vale of the Towy. 


carbonate of lime passing occasionally into an impure limestone. The flags are seen in | 
broken and detached masses on the right bank of the river Towy from Llandeilo to I 
Caermarthcn, a distance of fil'tccn miles; often in a highly inclined, vertical, and j 
contorted position, and reversing their direction repeatedly in a very short space, a me* 
morial of the powerful convulsions with which the strata have been agitated. These 
commotions of the past have contributed to endow the surface with great beauty, throw- 
ing it into knolls, which, in the vale of the Towy, are richly covered with woods, in some 
instances apparently going back to the time of the Silures. The annexed sketch of the 
sceneiy of this valley represents part of the domestic domain of Dinas-fawr, the residence 
of the ancient princes of South Wales, now the property of Lord I^nevor. 

The most common or remarkable fossils of the 
Llandeilo flags, besides a few shells, are the mol- 
lusca {Fig, 2.), which has a diameter of nearly 
two inches, and occurs near Llandoveiy in black 
schistose beds of passage from the Silurian into the 
Cambrian rocks; and the chain-coral catenipora 
encharoidei^ a spedes which sometimes forms hemi- 
spherical masses more than a foot in diameter. 

But the characteristic fossils are the trilobitcs 
(three-lobed), a name referring to their structure, 
consisting of an oblong body, divided transversely 
into three principal parts, and longitudinally into 
three lobes. These fossil bodies have long been 
known under the provincial title of Dudley insets, or locusts, a district where they abound ; 
and the characteristic terms of species display the perplexity of naturalists respecting them; 
Asaphus, from ava^tfc, obscure; Calymene, from KticaXvfifUyrif concealed; Paradoxus, from 
irapaSo^oc, wonderful ; and Agnostus, from Ayvwtrroc, unknown. In no strata more recent 
than the carboniferous has any trilobiteyet been discovered ; but a few genera and Sf^ecies 
occur in that system. The Silurian rocks have been styled the ** great trilobitic series,*' 
the “ grand mausoleum of these ancient beings,” from their prevalence, some of which 




672 


GEOLOGY. 


literally teem with them. Though long supposed to be insects, the trilobites are now 
known to be true crustaceans ; and, though the entire family is without any living re- 
presentative, having been annihilated with the accumulation of the carboniferous deposits, 
we can make as near an approximation to their habits as we can to those of many of the 
inhabitants of the existing seas. The existing crustacean which most resembles the 
extinct trilobite appears to be the Bopyrtis^ a small parasitical animal attaching itself to 
prawns, and causing a large swelling on their bodies, one parasite fastening itself on each 
prawn. 

The trilobites are usually found from one to six inches long ; but a specimen discovered 
in the state of Ohio, and described by Professor Locke, was nearly two feet in length. 
These animals had a protecting crustaceous shell, or case, composed of numerous segments, 
folding over one another like those of a lobster’s tail. This shield they appear to have had 
the power of contracting at pleasure, like the wood-louse and armadillo, as some are found 
variously expanded or coiled up. No certain traces of antennae and legs have been dis- 
covered ; ftw. which a sedentary habit is inferred, the animals adhering, with a soft 
arriculated underside, either to rocks and fuci, or in masses to one another, hence forming 
those conglomerations of individuals which are so remarkable in various rocks. Some 
naturalists, however, suppose a power of locomotion in the water, either by soft paddles, 
which have perished, or by sculling forward with the aid of a flexible extremity. 

From a peculiarity of the mouth, it has been concluded that they were carnivorous, 
preying on naked molluscs, or on the annelides, with which their remains are asso- 
ciated. 

The most curious fact respecting the trilobites is the compound organisation of the eye 
in several species, many specimens of which have been found in a perfect state of pre- 
servation, and unfold a structure of which we have various living examples. It is well 
known that the eyes of crustaceous animals, like those of insects, are composed of a vast 
number of minute facets or lenses, placed at the end of tubes, which are arranged side by 
side, so as to produce a radiating mass of eyes, which being generally of a hemispherical 
or conical form, and sometimes elevated from the head on a stem, enable the animal to 
see in every direction. In some insects the number of these lenses in both eyes, as in the 

house-fly, is 14,000; in other cases, 
the dragon-fly, 25,000 ; in others, the 
butterfly, 35,000 ; in others, the Mor- 
dclla, 50,000. The visual organ of 
several of the trilobites is formed 
upon the same principle, each eye, ac- 
cording to fossil anatomist^ contain- 
ing at least 400 spherical lenses, fixed 
in separate compartments on the surface of a cornea projecting conically upwards. The 
engraving is a representation of this structure. 

The preceding facts lead us to results of singular interest and importance. They 
establish the conclusion, that at that remote epoch when the trilobites flourished, countless 
ages ago, the condition of the atmosphere and of the waters of the sea, with the adaptation 
of light to the eye, and of the eye to light, were much the same as at the present era. 
“ With respect to the waters,” says Dr, BuckJand, in his luminous commentaiy upon the 
phenomena of these crustaceans, **we conclude that they must have been pure and 
transparent enough to allow the passage of light to organs of vision, the nature of which 
is BO fully disclosed by the state of perfection in which they are preserved. With regard 
to the atmosphere, also, W'e infer, that, had it diflTered materially from its actual condition, 
it might have so far affected the rays of light, that a corresponding difference from the 
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eyes of existing crustaceans would have been found in the organs on which tlie im- 
pressions of such rays were then received. Regarding light itself, also, we learn, from 
the resemblance of these most ancient organisations to existing eyes, that the mutual 
relations of light to the eye, and of the eye to light, were the same at the time when 
crustaceans, endowed with the faculty of vision, were first placed at the bottom of the 
primeval seas, as at the present moment. Thus we find among the earliest organic 
remains, an optical instrument of most curious construction, adapted to produce vision 
of a peculiar kind in the then existing representatives of one great class in the articulated 
division of the animal kingdom. We do not find this instrument passing onwards, us it 
were, through a series of experimental changes, from more simple into more complex 
forms ; it was created, at the very first, in the fulness of perfect adaptation to the use 
and condition of the class of creatures to which this kind of eye has ever been, and is 
still, appropriate. If we should discover a microscope, or telescope, in the hand of an 
Egyptian mummy, or beneath the ruins of Herculaneum, it would be impossible to deny, 
that a knowledge of the principles of optics existed in the mind by which such an 
instrument had been contrived. The same inference follows, but with cumulative force, 
when we see nearly four hundred microscopic lenses set side by side in the compound 
eye of a fossil trilobite ; and the weight of the argument is multiplied a thousand fold, 
when we look to the infinite variety of adaptations by which similar instruments have 
been modified, through endless genera and species, from the long-lost trilobites of the 
transition strata, through the extinct crustaceans of the secondary and tertiary formations, 
and thence onwards throughout existing crustaceans, and the countless hosts of living 
insects. It appears impossible to resist the conclusions as to unity of design in a common 
Author, which are thus attested by such cumulative evidences of Creative Intelligence 
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and Power ; both as infinitely surpassing the most exalted faculties of the human mind 
as the mechanisms of the natural world, when magnified by the highest microscopes, are 
found to transcend the most perfect productions of human arti” 

The OaradOc group. — The second member of the Silurian series of deposits, following 
the ascending order, comprises sandstones of different colours, with occasional subordinate 
courses of calcareous matter. The strata constitute ranges of eminences, abutting 
against the trappean chain of the Caradoc hills in Shropshire. They are largely 
developed also in Montgomeryshire and Denbighshire, forming mountainous masses and 
picturesque knolls, upon one of which Powis Castle is built. Beds of quartz occur 
j frequently where trappean rocks have cut through the sandstones ; which are, no doubt, 

I the ordinary strata of the district altered by the action of heat. A remarkable ridge on 
the east of the Caradoc, called Hoar Edge, is a quartzose mass of this description, 
consisting of sandstones fused by the great plutonic outburst of the Caradoc itself : and 
the extraordinary Stiper Stones supply another example of metamorphic sandstone, 
thrown into irregular serrated piles, like rugged cyclopean ruins, protruding from elevated 
moorlands in immediate contiguity to unaltered strata, exhibiting fine woodland scenery. 
Among the organic remains of the sandstone, trilobites of several species are abundant ; a 
woody ravine, upon the property of Lord Clive near Welch Pool, so abounding with them, 
and with beautiful casts, that Mr. Murchison honoured the nameless site by calling it the 
“ Trilobite Dingle.” Several species of shells belonging to the genus Terebratula (bored, 
alluding to the perforated beak,) are of common occurrence. Shells of this kind form a 
numerous family, and have been denominated the Fossil Aristocracy, from the incalculable 
antiquity of their lineage. They are found in great numbers in the chalk, but of different 

species to those 
Silurian 
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tubes. An example of two species is given, the tubes of which vary considerably in 
sise. Beautiftil ^cimens have been figured from Eiiel and Groningen, and from the 
Silurian atrata of the Ohio and Niagara, where the cells are filled up with calcareous spar. 
Varieties of the genua Cyathophyllum also occur, but more plentifully, in the superior 
rocks of the system. 

The Wenlock group. — We now come to the Upper Silurians, the lower members of 
which consist of shide and limestone. The shale is a dull, argillaceous deposit, with i 
occasional concretions of impure limestone, extensively developed in the neighbourhood j 
of the town of Wenlock. It has its equivalent in the shale of Dudley. In the former | 
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locality it appears continuously in the longitudinal valley reaching from the Severn to 
the Onny, running in a line parallel to the ridge called Wenlock Edge, and intermediate 
between it and the Caradoc hills. The lower part of the shale contains concretions, 
which exhibit, upon being broken, an internal structure similar to the “ cone-in-cone,” 
common to the shale of the lias, the cones consisting of dark-coloqred crystalline car- 
bonate of lime in an argillaceous paste. The upper part, where exposed to tlie action 
of the atmosphere, has been deeply denuded. The Wenlock limestone is seen con- 
spicuously in the Edge, which extends a course of about twenty miles, and forms one 
of the most remarkable features of the physical geography of Shropshire. The lime- 



Old Lincoln Quarry, near Iron Bridge. 


stone is disposed in two forms. It occurs in regular beds, termed “ measures,” of 
varying thickness, dull grey colour, more or less impure through the presence of argil- 
laceous matter, the strata being often wavy and contorted. It occurs, also, in large 

concretional masses, where 
it is purer and more crys- 
talline, (locally, they are 
called ball-8tones,) which 
are sometimes dark blue, 
- occasionally pink, freckled 

^ith veins and strings of 
-r - ^ white crystalline carbonate 

\ of lime. The ball-stones 

are frequently of immense 

'v ’ •' i sise, having a diam 

~ UJIIP^ thirty feet, and, in one 

case, a single mass has 

. „ , been quarried to the depth 

1. Euomphmlui Kulptut. 2. Euorophftlui nifotut. \ , , *, 

2. Euomphalus lunattu. 4. Euomphalut discors. of eighty feet WltllOUt itS. 

dimensions being ascertained. The annexed view of one of the quarries near Iron 
Bridge, shows the undulated and contorted beds of impure limestone, and the places 
from whence the crystalline variety, the concretions or ball-stones, have been ex- 
tracted. The Wenlock shale, as a bed of passage, between the Upper and Lower 
Silurians, contains shells, corals, and trilobites, common to both ; but the limestone is 
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2. Euomphalus Ainatui. 
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singularly rich in characteristic organic remains, among which are several species of 
Euomphalus, so named from irO&W 

the deeply umbilicated cha- 
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siderable thickness, 
entirely consisting of 
their calcareous ske- 
letons. The animal is 
thus defined by Mr. 
Miller : — “A round, 
oval, or angular co- 
lumn, composed of 
numerous articulating 
joints, supporting at 
its summit a series of 
plates or joints, which 
form a cup.like body, 
containing the viscera, 
from whose upper rim 
proceed five articu- 
lated arms, dividing 
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into tentaculated fingers, 
more or less numerous, 
surrounding the aperture 
of the mouth.” The two 
genera which have at- 
tracted most attention are 





. WlNtOCK Limk^tonb. 

I . Diin<ir»crinit<>t docadactyius. 
9. CyBthocrJniiet gonlod«ctylu». 
S. Cyathocrinitei capUlarit. 

4. Hypanthncrinitna docoriii. 

5. Dimerocrinites icusidactylui. 


those with a circular stem, 
or Encrinites, most nearly resembling 
the external form of the lily ; and the 
Pentacrinites, which have the stem 
pentagonal. The engravings repre- 
sent some of the Silurian varieties. 
All the species in the older rocks 
have the circular stem, with but one 
exception ; and all became extinct 
before the formation of the lias, new 
groups succeeding, which have now 
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dwindled down to two analogues, which inhabit our existing seas. The animal occupied 
a fixed position at the bottom of the ocean, like its modern representatives, or was attached 
to floating pieces of wood, merely moving itself as far as it could reach by bending its yery 
flexible column, which was admirably adapted for this purpose. This stem, which may be 
called the vertebral column, although the Encrinites are invertebrated, consists of a vast 
number of ossicula, little bones or joints, with a central perforation, so as to admit of 
being strung together when found detached. They commonly occur singly in the northern 
counties, passing under the denominations of “ wheel -stones,” and “ St. Cuthbert’s beads,” 
from having been strung as beads, and formerly used as rosaries. Hence the lines in 
Marmion : — 

** On a rock by Lindisfcrn 
St. Cuthbert sits, and toils to frame 
The sea-born beads that bear his name.*' 

Dr. Mantell states that he has found these circular perforated ossicula, which had 
been worn as ornaments, in tumuli of the ancient Britons ; and also, that the “ channel 
formed by the united ossicula of the column, has given rise to the curious fossils called 
in Derbyshire screw or pulley stones^ which are flint casts of these cavities. They occur 
in the beds of chert which are interstratified with the moiintjiin limestone ; the siliceous 
matter, when fluid, filled up the channels, and invested the stems : the calcareous sub8tan<*e 
has since been dissolved and removed, and solid cylinders of flint, resembling a pulley, 
remain. In the quarries on Middleton Moor, near Cromford, where extensive beds of 



Ludlow Coiald. 

1 . FenettilU prisca. 4 . Heteropora crwi*. 5’ pvititouhyniim'diaiithui. 

S. Fenesttlla Milleri. b. Stromatopora nummolltlalinlni. 7. eyatt»o| y 

3. Betepora inrunditralum. 

Umestone, composed of crinoideal remains, are worked for chimney-pieces md other 
ornamental purposes, beautiful examples of these fossils may be obtained. 1 he cavitiM 
of the column and ossicula are often filled with white calcareous spar ; while the groun 
of the marble is of a dark reddish-brown colour." Man now erects his mansion, and 
ito apartments adorned with variegated slabs, little imagining that the component parts 
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of the material employed were once instinct with life and animation, immeasurable ages 
before the creation of his race. A very rare crinoideal animal, the Pentacrinus Caput- 
Medusa, fixed at the bottom of the seas of the Antilles, having a column formed of 
numerous pentangular joints, is now the chief living representative of those mighty 
swarms that were among the first inhabitants of the ocean, whose petrified bones form a 
vast extent of strata in northern Europe and America, as essentially as a hayrick is 
composed of grassy fibres. 

But among the organic remains of the Wenlock limestone, the corals arc the most 
numerous, and form the most striking characteristic of the stratum. They belong to 
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1. Poritei diMoldea. 2. Purites peutliformls. 3. Cyathophyllum cspltoium. 

iq^twards of fifty species, and exhibit structures of great beauty, as may be seen from 
the accompanying engravings. It may here be observed, that there is a loose and inac- 
curate mode of speaking of corals, as if they were formations apart from the coral 
animals ; whereas the relation between the two is analogous to that of the bones and 
flesh in the human frame. 

The Ludlow group. This division comprises the uppermost series of Silurians, of 
which three subdivisions are made, — the Aymestry limestone, intervening between the 
Upper and Lower Ludlow rocks. The latter is a great argillaceous mass, varying in 
colour from dark grey to black, forming the popular “ mudstone ” of the district ; in 
other places called “ waterstone,” from its tendency to decomposition. Some of the 
beds contain spheroidal concretions of compact earthy limestone formed around organic 
remains. Mr. Murchison counted thirty fragments of the tribolite Asaphus caudatus in 
a single nodule. The Aymestry limestone is sub-crystalline and argillaceous, yielding 
a valuable lime for cement under water, named after the beautiful village where it 
is most distinctly seen. It appears at various places apart from this particular locality, 
as on the east of Hereford, where the Silurian strata protrude through the old red 
sandstone ; and at Sedgeley, in Staffordshire, the rock presents itself through the car- 
boniferous formation in a highly calcareous form. It is every where charged with 
shells. One species, with a peculiar organisation, and almost exclusively confined to 
this calcareous aone, has been named after a distinguished naturalist, T. A. Knight, 
F. R. S., in whose domain at Downton Castle it is very abundant. The Upper Ludlow 
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The eyldoi^ of >ho huidelip eppeiura on the epot, wl^ etm retains the n^me of “ Hie 
WoBider*?. ^ event, more ancient, and unrecorded, is clearly traceable in the neigh^f 

boiirbpod of Xmdlow, at the Palmer's Cairns, where htrata of Aymestry Hmestone have slid 
doe^ from the crest of a hill, exposing the unctuous and argillaceous Lower Ludlow rock. 

But these modem catastrophes are insignificant to the disruptions which, in epochs 
of tmknown remoteness, the Silurian strata have undergone, from the great plutonic masses 
which protrude through and intermingle with them. The principal igneous rocks asso- 
ciated with these strata appear in the Caer Caradoc, the culminating point of which rises 
to the height of 1200 feet above the level of the sea; in the Wrekin, 1330 feet 
above the sea, and its associate hills, which the traveller discerns in the heart, of 
Staffordshire looming above the southern horizon ; in the Breiddin group ; and in the 
Malvern Hills, all of which have hard, compact felspar for the predominating material, 
i producing, in different combinations, varieties of pink and dark-red syenite. The intrusion 
I of these fiery products has variously dislocated and inclined the strata lying along their 
I danks, forced them up, and in some instances even folded them back, so as to make the 
I newer deposits underlie the older ; marked alterations in the character of the stratified 
formations appearing at the points of contact — limestone crystallised, shale indurated, and 
sandstone rendered quartzose, with the production of copper ore, iron pyrites, and bad 
serpentine. According to Mr. Murchison, the district furnishes evidence of the play of 
volcanic action during the deposition of the Lower Silurian strata at the bottom of the sea; 
of its repose while the upper members of the series were consolidating ; of vast outbursts 
of intrusive trap subsequently taking place ; and of some of the most violent disturbances 
transpiring after the accumulation of the old red sandstone and carboniferous systems. 

I Hence the perforations of both with Silurian rocks at Malvern and at Dudley. 
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CHAPTER V. 

THE OLD RED SAin)8TONE SYSTEM. 

NTiL within a very few years, it has been 
usual to distribute the members of this 
system among its neighbours, the sub- 
jacent Silurian and the overlying carbon- 
iferous systems, the principal part being 
incorporated with the latter. This is the 
plan adopted by Dr. Buckland and Profes- 
sor Phillips ; but Mr. Murchison has clearly 
shown its right to an independent status, 
having distinct lithological characters and 
zoological contents. “You must inevitably 
give up tlie old red sandstone,” said a dis- 
tinguished foreigner to the latter, who was 
well acquainted with the ancient forma- 
tions; “ it is a mere local deposit, a doubt- 
ful accumulation huddled up in a corner, 

I ami has no type or representative abroad.” “ I would willingly give it up if Nature 

I would,” was tiie reply ; “ but it assuredly exists, and I cannot.” It is now very generally 

admitted that the English geologist was correct in classifying the strata in question as a 
separate system, one of th(i best defined groups of rocks in (4reat Britain, though ill deve- 
loped in France and Germany, and hence the hesitation of the continental geologists to 
consider it entitled to that rank. It has however been recognised in Germany and Poland ; 
it occupies vast areas in southern Russia, Siberia, and Tartary ; it forms the southern 
flanks of the Himmalaya mountains ; occurs in Africa, and in various parts of the western 
world. In Scotland, the old red sandstone is exhibited upon an immense scale, extending 
in a broad unbroken bar across the kingdom, along the line of the Grampians from the east 
coast at Stonehaven to the Firth of Clyde. Two large bands also appear on each side of 
the Moray Firth, stretcliing far into the interior of the great Cahjdonian valley. It 
occupies the northern coast of Caithness, the neighbourhood of Cape Wrath in Suther- 
landshire, and is found in large detached masses along a considerable part of the western 
coast. Mr. Miller supposes that at some early period these beds were continuous, forming 
a girdle round the entire coast of the north of Scotland ; and from the occurrence of 
island-like patches in the interior, he conjectures that, at some still earlier period, this 
girdle formed a mantle, which covered the enclosed tract, consisting of the entire 
Highlands. Porphyries, granites, gneisses, and micaceous schists now compose the central 
region, surrounded by a broken sandstone frame, the remains of the mantle, which was 
rent, and in great part swept away, when upheaving fires below and ocean currents above 
contended in sublime antagonism. An attentive examination of the physical aspect of 
the district, where igneous action is so extensively displayed, and evidence of vast 
denudation appears, suggested the idea now stated to the author of the “ Old Red 
Sandstone, or New Walks in an Old Field,” — a volume which could only have been 
produced by the very highest genius, combining as it does the fascination of romance 
with the acquirements of science. 
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In England, the old red sandstone occupies the greater part of Herefordshire ; it 
spreads over wide tracts of Monmouthshire, Shropshire, and Worcestershire ; surrounds 
the coal-field of the Forest of Dean and the great coal-basin of South W ales ; and forms 
the lofty mountains of Brecknock, called the Brecon and Caermarthen Fans, or summits, 
which rise 2500 feet above the sea, and are the highest in our southern districts. It appears 
largely also in Devon, and hence the system has been called the Devonian ; but the title 
which so eminently describes its composition is preferable. For a considerable time, it 
was regarded as a doubtful point, whether the sandstone formation of Devon was identical 
with that of Herefordshire, from the former presenting shells which are not found in the 
latter, and the latter containing fossil fish not discoverable in the former. All doubt upon 
the subject has however been removed, since Mr. Murchison observed, in the Russian 
deposits of sandstone, the fish of Hereford and the shells of Devon in the same beds. 

An enormous thickness belongs to the system, equal in various localities to the height 
of Etna above the level of the sea, and probably averaging 10,000 feet. The following 
trijde subdivision of this vast mass has l^en m^e by Mr. Conybeare and Dr. Buokland, 
which equally applies to the Scottish sandstone : — 



1. Upper A quartioie crniglomerate paiilng downwards into chocolate, red, and neen sandstone and marl. 

S. Central — Comstone and marl (red and green argillaceous spotted marls) with irregular courses of impure concretionary 
limestone, provlncially called comstone, mottled, red, and green, containing remains of fishes. 

8. Irf)wer-> 1 ilestones, finely laminated hard reddi^ or green micaceous or quartxose sandstones, which split Into tiles, con 
taining remains of niollusca and fishes. 

4. Overlying Carboniferous System. 

The section exhibits the triple group which constitutes the old red sandstone, with the 
subjacent Silurian and the overlying carboniferous systems. It will be seen that the 
lower member of the series, the tUestone division, is by far the smallest. This fissile 
formation appears at Pont-ar-Lleche, the “ Bridge on the Tiles,” in Caermarthenshire, 
occupying lofty heights, where the strata have been extensively quarried ; and junctions 
with the Upper Silurians ore well seen in the gorge of the Teme, and in the vicinity of 
Ludlow. The provincial cornstones in the central member of the system, consisting of 
concretions of very impure calcareous matter, vary in diameter from half an inch to 
three or four inches, and are quarried for the repair of the roads. The “ conglomerate,” 
composing the superior division of the series, comprises pink and white pebbles of quartz, 
from the size of a hazel-nut to that of a cannon ball, and is well developed in great masses 
on the right bank of the Wye, to the north of Tintern Abbey. The entire system is 
eminently arenaceous, and hence its name, the term “ old ” distinguisliing it from another 
series, above the coal measures, called the new red sandstones, and the term red ” 
referring to the predominant colour of the strata. This colour, which exliibits various 
shades, from a dark brick-red to a cream-yellow, arises from iron oxide, the difiPerent hues 
depending upon the amount of iron in the rock, and its state of oxidation, though in several 
places in Scotland the tint seems to be occasioned by copper. The origin of the metallic 
oxide is usually referred to the play of volcanic agency during the deposition of the sand- 
stone, the infusion of the mineral matter rendering the waters uninhabitable by organic 
life. It has been thought a curious corroboration of this fact, that fossil fishes are most 
abundantly found in the lightest coloured and least impregnated strata. 

The physiognomy of the old red sandstone districts is not so striking as that exhibited 
by the more ancient systems, but presents bolder developments than are common to the 
subsequent formations. The scenery consists of extensive undulating plains, where the 
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strata lie flat or nearly so, not having been invaded by igneous rocks. In proximity to 
the latter, the sandstone forms considerable and precipitous hills, with rounded dome-like 
summits, in connection with lower bluffs, which affect the mural form, and display a 
tendency to separate into huge quadrangular masses. The Brecon and Caermarthen fans, 
and the Ochills in Scotland, are some of its most imposing appearances, Ben Clach, in 
the latter chain, being 2182, and the King’s Seat 21(X) feet high. “ We find the upper 
formation,” says the historian of the deposit, Mr. Miller, “ associated with scenery of 
great though often wild beauty; and nowhere is this more strikingly the case than in the 
province of Moray, where it leans against the granitic gneiss of the uplands, and slopes 
towards the sea in long plains of various fertility— deep and rich, as in the neighbourhood 
of Elgin, or singularly bleak and unproductive, as in the far-famed heath near Forres. 
Let us select the scene where the Findhorn, after hurrying over ridge and shallow, amid 
combinations of rock and wood, wildly picturesque as any the kingdom affords, enters on 
the lower country, with a course less headlong, through a vast trench scooped in the pale 
red sandstone of the upper formation. For miles above the junction of the newer and 
older rocks, the river has been toiling in a narrow and uneven channel, between two 
upright walls of hard grey gneiss, thickly traversed, in every complexity of pattern, by 
veins of a light red, large-grained granite. The gneiss abruptly terminates, but not so 
the wall of precipices. A lofty front of gneiss is joined to a lofty front of sandstone, like 
the front walls of two adjoining houses ; and the broken and uptilted strata of the softer 
stone show that the older and harder rocks must have invaded it from below.— We stand 
on a wooded eminence, that sinks perpendicularly into the river on the left, in a mural 
precipice, and descends with a billowy swell into the broad fertile plain in front, as if the 
uplands were breaking in one vast wave upon the low country. The river travels along 
under pale red cliffs, wooded atop. It is through a vast burial yard that it has cut its 
way — a field of the dead so ancient, that the sepulchres of Thebes and Luxor are but of 
the present day in comparison — resting-places for the recently departed, whoso funerals 
are but just over. These mouldering strata are charged with remains, scattered and 
detached as those of a churchyard, but not less entire in their parts — occipital bones, 
jaws, teeth, spines, scales — the dust and rubbish of a departed creation.” 

Every where the sandstone presents evidence of being a littoral deposit, frequently 
showing the tidal ripple-mark as plainly as the sands of our present shores ; but the dif- 
ferent members of the series appear to have been deposited under different circumstances. 
The lower tilestone formation seems an accumulation of sediment in calm water, while 
the upper conglomerate is a compost of water-worn boulders, which show considerable 
attrition, and proclaim the action of strong oceanic currents. In various localities the 
sandstone exhibits a countless profusion of singular depressions, in the form of rings, 
horse-shoes, or almonds, small in the English districts, but often nearly a foot in diameter 
in Scotland, easily perceptible by their pale yellow colours, contrasting with the dark red 
of the surrounding rock. These impressions point to the marking of the surface of the 
strata with blotches, the origin of which is obscure, but consisting of a softer material 
than the mass they distinguish, which the subsequent action of water or of the atmo^ 
sphere has partially or entirely worn away. In former times superstition converted 
these appearances into supernatural phenomena. According to the tradition of the 
English borders, a mare and her foal, belonging to the chapelry of Sapey, having been 
stolen by a woman, who led them down the bed of a stream, to avoid the discovery of 
their traces, the patron, St. Margaret of Audley, interposed, and ineffaceably imprinted 
upon the rock the foot-prints of the animals and those of the woman’s pattens, as a 
memorial of the sacrilegious crime. 

It was at one time imagined, that the old red sandstone system contained few or no 
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fossils; but upon a more careful attention being paid to it, they were discovered in 
abundance, and of singularly interesting and important forms. The remains of vege- 
tables, though numerous, are yet very indistinct and much broken, as if they had been 
drifted by powerful currents from a considerable distance. Descending into the quarries 
of the parish of Carmylie in Scotland, in the cornstone formation of the system, 
Mr. Miller found almost every layer of the strata covered with carbonaceous markings 
— irregularly grooved stems, branching out into boughs at acute angles, seeming minia- 
ture semblances of the trunks of gnarled oaks and elms ; also oblong leaf-likc impres- 
sions, with impressions of more slender form, like the narrow parallel-edged leaves of the 
sea-grass weed ; and a large bunch of riband-like leaflets converging into a short stem, the 
whole resembling a scourge of cords. The engraving shows some examples. In the same 
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locality the same observer found irregularly-shaped patches, reticulated into the resem- 
blance of polygonal meshes, like pieces of ill-woven lace, familiarly called by the work- 
men ^'puddock spawn,” from their similarity to the eggs of the frog. These patches are 
supposed by Mr. Lyell to be formed of remains of the eggs of some gasteropodous mollusc 
of the period. Shells are abundant in the lower part of the system in England, several of 
which have been carefully figured by Mr. Murchison, and in Scotland the traces or 
remains of gigantic crustaceans are of common occurrence. The labourers in the sand- 
stone of Forfarshire have long remarked appearances in the strata, denominated by 
them “ petrified seraphims,” from an imaginary resemblance to the representations of those 
angelic beings upon the gravestones in country churchyards. A number of detached 
fragments having been discovered at Bulruddery, were submitted to the inspection of 
M. Agassiz in Edinburgh, in the presence of other geologists, whom they had completely 
puzzled. “I will tell you,” he observed, after a short examination, — « I will tell you 
what these are— the remains of a large lobster.” The distinguished ichthyologist then 
took fragment after fragment from the group, arranged the parts, exhibited the animal to 
the company — a huge lobster, indicating a total length of four feet. 

Ichthyolites, or fossil fishes, belonging to the vertebrated order, are, however, the cha- 
racteristic fossils of the system, some of which appear to be organisations but a little 
removed from the humbler crustaceans, while others display the most perfect structure. 
Having now arrived at an era in the history of the globe which furnishes decisive and 
abundant evidence of tlie prevalence of high organic life in the waters, the state of ichthy- 
olqgy, which has undergone a complete revolution in our own day, and of fossil ichthy- 
ology, requires a notice. The number of living species of fishes at present known 
amounts to somewhat more than 8000. It was formerly usual to classify fishes according 
to the nature of the skeleton, into the two great groups of osseous or bony, and 
cartilaginous. The osseous class embraces those whose skeletons are the most durable, 
being composed of calcareous earth pervading an organic base : the cartilaginous, on the 
contrary, contain little of this earth, the skeleton consisting of elastic, semi-transparent, 
indurated animal matter, s^dily yielding to decay. But Agassiz, departing from this 
arrangement of Cuvier, distinguishes four great orders of fishes, characterised by 
essential differences in the form and structure of the scales, or the dermal (sAin) system. 
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with which other important distinctions are found to coincide, in the same manner as 
the varieties in the hair of mammalia, the feathers of birds, and the naked or plated skin 
of reptiles, are connected with structural and functional differences, and are a natural 
index to them. The value of this discovery is apparent from the fact, tiiat the scales 
are precisely those remains of the finny races that are most abundant in a fossil state, 
so that a single scale becomes a clue to the order and habitat of the animal to which it 
belonged. The divisions proposed by Agassiz are — 

L SCALES ENAMELLED. 

1. PlacoidiaTis — from wXaS, a broad plate. The fishes of this order are irregularly 
covered with large or small plates of enamel, sometimes reduced to mere points, like the 

shagreen on the skin of the shark, and 
the prickly tooth-like tubercles of the 
skin of the ray. It comprehends all the 
cartilaginous fishes of Cuvier except the 
sturgeon. 

2. Ganoidiana — from yavoc» splen- 
dour, referring to the brilliant surface of 
their enamel. Angular scales charac- 
terise the families of this order, composed 
internally of bone, and externally of 
enamel, generally bright and smooth. 
The bony pike of the North American lakes and sturgeons are of this order. Upwards 
of sixty genera have been noticed, of which fifty belong to the fossil kingdom. 

II. SCALES NOT ENAMELLED. 

3. Ctenoidians — from lo-etc, a comb. These have their scales jagged or pectinated, 
like the teeth of a comb, on their posterior margin, of which the perch affords a familiar 
example. 

4. Cycloidians — from icvicXoc, a circle. Fishes of this order have their scales smooth 
and entire at their posterior margin, composed of horn or bone, of which the herring, 
salmon, and carp are instances. 

Both osseous and cartilaginous fishes are included in each of these orders ; but only 
those of the first and second grand divisions, with enamelled scales, Placoidians and 
Ganoidians, existed in the ancient strata antecedent to the chalk. The third and fourth 
orders, Ctenoidians and Cycloidians, to which three fourths of the existing species of fishes 
belong, make their appearance in that formation, when all the preceding fossil genera 
had become extinct. The following table exhibits the geological distribution of these 
orders ; — 



PlacoidUui. 

Gsnoidiant. 

Ctenoidians. 

Cycloidians. 

Living ... 


• 



Tertiary - . - 


* 

# 


Cretaceous - - 

• 




Oolite ... 

« 

* 



Saliferous - - - 

m 




Carboniferous 

m 

m 



Old red sandstone - 

m 

m 





GEOLOGY. 


686 

Another remarkable circumstance pointed out by Agassiz refers to the diverse form 
of the tails of fishes, as in the engraving, which represents — 1. the homocercal, or even-tail, 
as in the trout ; 2. the single and rounded, as in the wrasse ; and, 3. the heterocercal, or 
unequd tail, as in the shark. Now it is a singular fact, that nearly all the fossil fishes 



Trout. 


that occur in the ancient strata, or below the magnesian limestone, are distinguished by 
their heterocercal or unsymmetrical tails ; while this form is rarely found in the oolitic 
and superior systems, and among living species. The heterocercal structure in the case 
of the living shark is an arrangement to meet the position of the mouth, which is placed 
downwards beneath the head, so that the body of the animd requires to be turned, in 
order to bring the mouth in contact with its prey — a movement to which the peculiar 
form of the tail is adapted. As the heterocercal tail is forced by a prolongation of the 
vertebral column, it seems an advance of organisation in fishes towards the class of rep- 
tiles, in which the same structure is fully developed. 

1/^en death closed the labours of Cuvier, and arrested the progress of his great work, 
Osaemena FosiUei^ he had only just commenced the difiicult task of examining and 
arranging the fossil remains of fishes, naming and describing but ninety-two distinct 
species. Committing the materials he had collected to Agassiz, the number of species 
was raised to 1600 in little more than fourteen years, and it is now rapidly verging 
towards 2000. Some, the most strange and singular conformations, are encountered in 
the old red sandstone , — ** creatures whose very type is lost — fantastic and uncouth, end 
which puzzle the naturalist to assign them even their class : boat-like animals^ 
furnished with oars and a rudder ; fish plated over, like the tortoise, above and below, 
with a strong armour of bone, and furnished with but one solitary rudder-like fin ; 
other fish, less equivocal in their form, but with the membranes of their fins thickly 
covered with scales, creatures bristling over with thorns*, others glistening in an 
enamelled coat, as if beautifully japanned : the tail, in every instance among the less 
equivocal shapes, formed not equally, as in existing fish, on each side of the central 
vertebral bone, but chiefly on the lower side, the bone sending out its diminished 
vertebrsB to the extreme termination of the fin. All the forms testify of a remote 
antiquity— of a period whose fashions have passed away. The figures on a Chinese 
vase or an iJgyptian obelisk are scarcely more unlike what now exists in nature than the 
fossils of the old red sandstone.” Among these remarkable objects, the following 
occur : — 

Cephalaapis , — This genus, of which four species have been described, is remarkable 
for the great size of the head in proportion to the body, equal to fully one-third of the 
entire length of the creature, and for its shield-like appearance, after which it has been 
named, Cephalaspis — buckler-head. The outline is that of a crescent, with the lateral 
horns inclining slightly to each other. The eyes are placed in the middle of the shield, 
olose together, as is the case with many of the flat fish. Scales variously circular and 
angular, bony, with an exterior enamelled surface, each having a convex centre, from 
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which furrows diverge, cover the head. The thin angular body is apparently, though 
not reallv, cx>mposed of joints like the trilobites, to which family the creature was 
at first referred; and, in fact, it seems a link between the crustaceans and fislies. 

The scales of the head magnified are represented in the engraving. 
“ Has the reader ever seen a saddler’s cutting-knife — a tool 
with a crescent-shaped blade, and the handle fixed transversely 
in the centre of its concave side? In general outline the Cepha- 
laspis resembled this tool ; the crescent-shaped blade representing 
the head, the transverse handle the body.” It seems to have 
been well prepared for defence, encased in armour of great strength, for its remains 
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jr-- ^ are found very perfect in strata 

. impregnated with iron, in which 

fossils could have survived. 

' would have been likewise a for- 

midable animal for attack, could 
• it have commanded any consider- 
Jr ablg impetus, like the sword-fish, 

shi^ margin of the shield 
- doing the work of a vigorously 

% ^ hurled javelin. This singular 

K ^ ichthyolite is the oharaeterktic 

i "***"”*^ organism of the oomstone part of 

the sandstone system, both in England and Scot- 
land. The several species which occur in the 
border English counties, says Mr. Murchison, 
seem not to have been suddenly killed and en- 
tombed, but to have been long exposed to de- 
structive submarine agencies, such as the attacks 
of animals, currents, and concretionary action, by 
which they were dismembered.” Though hun- 
Ireds of fragments have been found in England, it 
is remarkable, that no example of an entire fish 
las yet been discovered. This is not the case 
vith Scotland, where the species Cephalaspis 
Jyellii was found entire in Forfarshire, and named 
)y Agassiz after the distinguished geologist born 
n that county. 

Coccostetut . — This has been styled a Cephalaspis 
i stage further on, more of a fish, having the horns 
>f the crescent-shaped head cut off, and the an- 
gular body terminated by a long vertebrated tail. 
The name, bone-berry, refers to berry-like tuber- 
cles, with which the plates composing its bony 
casement are dotted. The creature has been aptly 
compared to a boy’s kite, varying in length from 
jne to two feet. Four species have been described, 
of one of which this is a representation. Their fragments 
are frequently of a brilliant blue or purple colour, and 
are easily recognised from the contrast with the dull red 
tint of the sandstone rock. Mr. Murchison supposes the 
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colour to be owing to the presence of phosphate of iron, which has communicated a similar 
tint to the fishes of the Caithness schist. The teeth of Coccosteus, instead of being fixed 
in sockets, are integral portions of the bone, like the teeth of a comb ; and the mouth 
is supposed to have been placed vertically, which, if proved to be correct, is an anomalous 
construction. The mouths of Crustacea, as the crab and lobster, open vertically ; but 
naturalists have hitherto found it an invariable condition of vertebrata, that the position 
of the jaws is horizontal. 

Pterichthys, — The first individual of this genus — winged-fish — which embraces 
several species, was discovered by Mr. Miller, who remarks, upon finding the prize “ I 
fain wish I could communicate the feeling with which I contemplated my first-found 
specimen. It opened with a single blow of the hammer ; and there, on a ground of light- 
coloured limestone, lay the effigy of a creature fashioned apparently out of jet, with a 
body covered with plates, two powerful-looking arras articulated at the shoulders, a head 
as entirely lost in the trunk as that of the ray or the sun-fish, and a long angular tail. 
My first-formed idea regarding it was, that I had discovered a connecting link between 
the tortoise and the fish ; the body much resembles that of a small turtle ; and why, I 
asked, if one formation give us sauroid fishes, and another give us chelonian ones, — or if 
in the lias we find the body of the lizard mounted on the paddles of the whale, why not 
find in the old red sandstone the body of the tortoise mounted in a somewhat similar 
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than eight or ten inches ; but examples of the lateral spines have been discovered in 
Russia, exceeding a foot in length, which must have belonged to enormous individuals. 
These spines were not intended for locomotion but defence, lying close by the creature’s 
side when in a state of security, and erected upon the intimation of danger, as in the 
case of the common river bull-head, which has similar spines. The Fterichthys are 
however commonly found with the spines extended, proclaiming the alarm under which 
existence terminated, and tlie instinct of self-preservation, which now marks all living 
organisms, then in action, but exerted in vain. 


Holoptychius , — This genus has been so named from the character of the scales, which 
present undulating folds or furrows upon an enamelled surface. The scales have been 
found exceeding three inches in length by two and a half in breadth, indicating the great 
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magnitude of the fish. One specimen, which measured two feet four inches by one foot, 
was found at Clashbinnie, near Perth, by the Rev. Janies Noble, and called Kobilissimtis, 
after the discoverer. The organs of locomotion, the tail and fins, are well developed. 
The characteristic features are, the small size of the head in proportion to the body, and 
the far removal of the fins towards the tail. This fish occurs in Scotland and in Russia, 

in the upper part of the old red sandstone system — the quartzose conglomerate 

which is highly fossiliferous in those countries, while in England and Wales it presents 
but few organic remains. 

Osteolepis , — However on unscientific eye might fail to recognise tlie preceding forms 
as belonging to the class of fishes, the most rustic mind would immediately identify this 

genus with the ordinary inhabitants of the waters. The generic name — bony-scale 

belonging to the days of Cuvier, was first given to the fossil fishes of Caithness, and has 
been continued, though subsequent discovery has shown that the same descriptive title 
would apply equally as well to fishes of other families. The particular kind, thus 
indicated, exhibits the form of a perfect fish, with pectoral, abdominal, and caudal fins, 
the bony scales being arranged side by side like so many bricks in a wall. The tail 
was heterocercal, the vertebral column running on nearly to tlie extremity of the caudal 
fin. The length of the fish varies from under six inches to somewhat more than a foot. 
Equally recognisable is another family of fishes, the Dipterus^ or double winged, first 
brought into notice by Mr. Murchison and Mrofessor Sedgwick. This fish chiefly differs 
from the former in the fins being opposite each other, instead of alternating. 

Such are some of the forms which the ichthyolo^ of the old red sandstone system 
comprises. During its formation — which necessitates a large draught upon time to 
account for the accumulation of strata ten thousand feet thick — the only dry land oon« 
sisted of the older granites, with a portion of the stratified systems formed from their dis- 
integration — mere islands, in a vast oceanic expanse ; and the waters appear to have 
been in very discordant circumstances-^ calm as the unrippled linke, when the finely 
laminated tilestones of England were laid down, and swept by powerful currents while 
the quartzose conglomerates were depositing^ The evidence is obscure as to the exist- 
ence of life on land, for all the vegetable remains discovered may be referred to forests of 
algae clothing the bottom of the sea ; but the proof is ample of the ocean having abounded 
with organic life, as much so as now that its vast armies of herrings appear along our 
coasts. ** I have seen,*' says the authority already quoted, the best that can be cited, 
whose graphic chronicle of the phenomena of the system is beyond all praise, “ I have 
seen the ichthyolite beds as thickly covered with oblong spindle-shaped nodules, as I 
have ever seen a fishing-bank covered with herrings ; and have ascertained that every 
individual nodule had its nucleus of animal matter — that it was a stone coflin in minia- 
ture, holding enclosed its organic mass of bitumen or bone — its winged, or enamelled, or 
thorn-covered ichthyotite.” These beds, involving an area of many thousand square 
miles, now form a vast mausoleum, containing the remains of countless swarms of ocean- 
dwellers, which once, gay with life, sported in the waters; and, what is most remarkable, 
these myriads appear to have perished by violence at the same moment, and in a calm 
sea! Their contorted frames — their tails in many instances twisted towards the head — 
their spines stuck out, and fins spread to the full — their arms, in the case of the Pterich- 
thys, stretched abroad at their acutest angle — attitudes proclaiming alarm and pain— 
point to some tremendous and instant catastrophe — while their scales, retaining the 
enamel, a fine edge, and only scattered as if by a ripple, point to the disaster occurring 
when the tempest slept and the bosom of the deep was unagitated! Strange as this 
appears, the history of oceanic and terrestrial life during the present epoch suppfies pre- 
cisely parallel examples. The “ pestilence that walketh in darkness, and the destruction 
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that wa«teth at noon-day,” has repeatedly visited the globe in modem eras, making havoc 
with the animal races, like the fatal murrain which Virgil describes as depopulating the 
Alps. But a case more in point has presented itself to the eye of the sailor, in shoals of 
the finny tribes — haddock, cod, ling, and whiting — fioating dead upon the surface of 
the sea, apparently smitten at the same moment by some inexplicable destroying agent. 
“ On Friday, the 4th of December, 1789, the ship Brothers, Captain Stewart, arrived at 
Leith from Archangel, who re[>orted, that on the coast of Lapland and Norway, he sailed 
many leagues through immense quantities of dead haddocks. He spoke several English 
ships, who reported the same fact. It is certain that haddock, which was the fish in 
greatest abundance in the Edinburgh market, has scarcely been seen there these three 
years.” This statement occurs in one of the letters addressed to Sir John Sinclair, and it 
records an example of death, and of the deposition of organic forms at the bottom of the 
existing seas, upon as broad a scale, and in an analogous manner, to that which the long, 
dry, and elevated rock formations in question disclose. 


CHAPTER VI. 

THE CAltbONlFEIlOtJS SYSTEM. 

A-u V history of the earth, as inscribed 

In Itg various rock-formations — a “scroll 
written within and without,” — the scene re- 
peatedly shifts in a very striking manner, 
and a new u8|>ect is given, as we advance, 
to the condition of terrestrial nature. No- 
where is this revelation of fresh existence 
iMlMpS® ' ' more apparent than in passing from the old 

' — red sandstone to the carboniferous system. 

~ — * The former discloses to us a vast ocean swarming with 

' organic life — with vertebrated fishes, mollusco, and sea- 
weed, — the waters alternately reposing and fiowing in 
strong currents ; but extensive tracts of fertile soil, covered 
with a vegetation as luxuriant as that now found along 
the banks of the South American rivers, in connection with 
nn abundance of oceanic organisms, is the state of our 
planet unfolded by the great coal deposits, — the most im- 
portant, and among the most interesting, contents of its 
crust. There is no ancient condition of the earth that is 
now contributing so essentially to human happiness and 
national wealth ; for when we have enumerated a supply 
of zinc and copper, roofing-slates, and building or paving stones, we have mentioned 
the chief direct obligations we owe to the older formations. It is from the carboni- 
ferous system that we derive the most valuable metals of commerce — lead and iron, 
with the vegetable matter that enlivens our hearths, aids in preparing our food, yields 
the gas that lights our streets, and is an essential agent in the pr^uction of that steam- 
power, upon which manufactures, and locomotion by land and sea, to a large extent 
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depend. It is impossible to conceive of a greater and more disastrous change than that 
which an exhaustion of coal would produce. The native-grown timber would furnish no 
supply of fuel equal to the demand, or would be out of the reach of the mass, from its price. 
This would speedily be true, likewise, of an imported article; and just in proportion as 
the former forests of our island were revived to meet the emergency, would the domain 
of the cereal grasses be invaded, equally necessary to the sustenance of a numerous popu- 
lation. While the people consisted of a mere handful, scattered over an ample territory, 
abounding with large tracts of unenclosed timber-ground, they could afford to be ignorant 
of the ignitable deposits in the bowels of the earth ; and it deserves notice, that the dis- 
covery of these precious stores has not taken place until a very recent date, as if it 
were an intentional arrangement, to secure from needless waste a material so vital to 
the maintenance of civilisation in a land replenished with inhabitants. The Greeks and 
Romans seem to have been quite unacquainted with cool. The earliest mention of it in 
our own history occurs in a charter granted to the inhabitants of Newcastle, in the year 
1234, by Henry III. ; but it was not until the reign of Charles I. that it was in common 
use in the southern part of the kingdom. 

Besides the carboniferous beds, the coal-bearing system comprehends other strata, 
occurring in the following order of succession : — 

Coal Measures — Layers of sandstone, shale, ironstone, and clay, alternating with 
coal, and more rarely with thin layers of limestone : the estimated thickm;ss of the whole 
mass, 1000 yards. 

Millstone Grit — A series of sandstones, composed of sandy and qnartoze pebbles, 
sometimes fine-grained, but generally very coarse. Grit is a provincial name for coarse 
sandstone, and millstones are obtained from some parts of it. In some localities shale 
and thin seams of bad coal, with plants of the coal measures, accompany the grit. The 
estimated thickness is from 500 to 650 feet. 

Mountain Limestone — A mass of calcareous rocks, with nodules of chert, several 
varieties of variegated marbles, layers of red oxide of iron, ores of lead, zinc, and copper, 
and innumerable remains of crinoidea and marine shells. 

The section exhibits the old red sandstone, o, on the left, the base of the carbon- 
iferous system ; m the mountain 
limestone, next occurring ; g the 
millstone grit j c the coal measures ; 
and 8 the strata of the overlying 
saliferous system, which cover 
^ them in unconformable stratifica- 
tion. The coal-fields of England 
usually present the arrangement 
in the preceding section, the coal 
lying all above the millstone grit; 
but in the north-western parts of 
Yorkshire the carboniferous sys- 
tem is complicated and varied, the 
coal-measures being interstratified both by the millstone grit and the mountain limestone. 
The great coal-field of Dudley is also another deviation, for there the old red sandstone is 
entirely wanting, and the coal rests upon the upper silurian rocks. 

Mountain Limestone, — This formation, a prominent feature of the supeHlcies in 
England, the north of France, and Belgium, is so called from its mineral character, and 
frequent development in bold hilly masses, many of which are of considerable magnitude, 
though it often appears in valleys and flat lands. It is not uniformly calcareous, but has 
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alternating beds of a different composition, layers of chert, or nodules of a hard siliceous 
nature, corresponding to those of flint, which so commonly occur in the chalk cliffs. 
The limestone, however, suflSciently predominates to become characteristic. It yields the 
lime of agriculture upon being burnt, and that used for mortar, the action of heat 
changing its colour to a pure white, by destroying the animal and vegetable remains 
which impart to the rock its various shades of light and dark grey. The black variety 
also, frequently used for chimney-pieces, has its colour, probably arising from bitumen, 
completely expelled by burning. The limestone exhibits a well-defined stratification, a 
compact structure, and forms marbles of great beauty upon being polished. The 
romantic rocks of Cheddar flanking the chain of the Mendip Hills in Somersetshire, the 
heights on each side of the Avon at Clifton, the picturesque cliffs on the banks of the 
Wye, the bold toi*8 of Derbyshire, and the high mural precipices laved by the Meuse 
below Namur, are examples of the mountain limestone, which, for scenic effect, upon a 
limited scale, 

“ So wondrouK wild, the whole might seem 
The Hcenery of a fairy dream,** 

stands at the head of the rock -formations of the globe. This part of the carboniferous 
system presents numerous fissures and caverns, almost all the grand examples of these 
structures being found in it They have either arisen from irregular beds of sand 
and clay deposited with the limestone, and subsequently washed away by the agency 
of water, or from small fissures in the roek, formed by the elevating forces that hare 
acted upon it, which, in the course of ages, the constant percolation of water has en- 
larged into the chasms that now yawn in the rocky fabric. The stream that issues 
from the mouth of the cavern at Castleton —the general attendant of such excavations — 
points to one part of the machinery that has operated in their construction ; and the 
disturbance of the strata by the protrusion of igneous rocks is clearly indicated in other 
localities. We have previously given a view of the insulated dome-shaped hill at 

Crich in Derbyshire, which 
supplies an example of the 
arched arrangement of strata ; 
and the cut represents a sec- 
tion of this protuberance, — 
a remarkable object in the 
district, — showing, in the dark shaded centre, a protrusion of compact trap, reached 
upon striking a shaft in search of lead ore, which explains the curved form of the 
overlying limestone mass. The hill supplies many instances of cracks and Assures, Ailed 
with metallic ores and spars, formed by an intense heat acting under immense pressure. 

The mountain limestone is remarkably rich in metallic products; and hence it has 
been sometimes called the metalliferous limestone. It is the principal depository of 
the lead found in Great llritain, the chief mines of which are in the northern coun- 
ties of England, in Derbyshire, in North Wales, and in Devonshire on the borders of 
Cornwall. These mines, with the Scotch and Irish, yielded the following produce in 
the year 1828 : — 

North of England * . . 26,700 tons. Flintshire and Denbighshire - 1 2,000 tons. 

Derbyshire and Shropahire - - 4,800 Scotland .... 1,000 

Devonshire and Cornwall - 2,000 Ireland, and Isle of Man - • 500 

Total 47,000 tons. 

Til© Derbyshire lead-mines, among the most ancient in the kingdom, are in the 
north-west part of the county, extending as far south as the neighbourhood of Matlock, 
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where the carboniferous limestone occurs in great force, overlain by the millstone grit, 
the strata exhibiting great disturbance from the intrusion of igneous rocks which appear 
in intersecting beds and dykes. They were worked as early as the year 83^, at which 
time a grant was made by the abbess of Repton, of her estate at Wilksworth, on condition 
of an annual stipend of lead being paid, for certain religious uses ; but a still greater 
antiquity belongs to them, as evidenced by the discovery of some Roman remains. A 
block of lead was discovered on Cromford moor, in the year 1777, with the following 
inscription, — The Emperor Caesar Hadrianus Augustus, from the mines at Lutudarum,” 
a station in that locality ; and another block was met with near Matlock in 1783, 
inscribed, “ Lucius Aruconius Verecundus, from the mines of Lutudarum.*’ All affairs 
with reference to these mines are regulated by a peculiar court, legally constituted, the 
laws of which are administered by an officer called the barmaster, whose mode of 
proceeding is extremely simple and summary. When a person has found, or imagines 
he has found, a vein of ore in any part of the ‘‘ King’s field,” which, with few exceptions, 
includes the whole of the mineral districts of Derbyshire, he may claim it as liis own 
merely by fixing down a few sticks, put together in a peculiar way, and notifying the 
same to the appointed officer, who immediately confirms him in the possession of his 
newly-acquired property. The olficer, attended by two jurymen, proceeds to tlie spot, 
marks out a plot of ground about fourteen yards square, takes it from the former 
proprietor, whether it be freehold or not, and gives it to the fortunate discoverer. He 
then, with his attendants, their arms extended and finger-ends touching, proceeds to the 
nearest highway, the line of route becoming a carriage way in perpetuity to the miner, 
whereon he may cart his minerals. Neither standing corn, nor any other description of 
property, with the exception of “ a dwelling house, a high road, a garden or an orchard,” 
is, or can be, exempt from this fundamental law of the miners. 

So numerous are the organic remains in this formation, that it has niceived the name 
of the Encrinal Limestone, from the abundance and variety of encrinite exuvite found in 

g it, whole masses of the rock being almost entirely com- 
posed of tliein. Various articulations of the stems of tht*se 
interesting lily-shaped animals are liere shown. Some 
of tliis limestone, when sufficiently hard and close to 
be susceptible of a polish, is formed into the splendid 
variegated slabs which adorn the mansions of wealth, fully 
equal to the marbles imported from Italy to gratify a taste for foreign productions. The 
sens, during the deposition of the mountain limestone, must literally have swarmed with 
members of the encrinite family, since they enter into the comi>osition of various masses 
as largely ns coral-animals into a now growing coral-reef. Shell-fish were also abundant, 
belonging to all orders, of which the engraving affords some examples. 1. Ortho* 
ceras lateralis^ a straight shell divided by transverse septa into chambers, of which 

nearly seventy have sometimes been counted. 
Orthoceratites have been found a yard in 
length, sometimes more, and half a foot in 
diameter, forming a float which would have 
accommodated an animal far larger than 
,, any existing cephalo{>od. 2. Bellerophon 

eoMtatHi^ a small-sized unchambered shell, analogous to the recent Argonaut, or Paper 
Nautilus, an inhabitant of the Mediterranean. The gigantic scale of some of these shells 
is supposed to indicate a very warm climate favouring their development in the northern 
seas, and an ocean highly charged with calcareous matter supplying the material for their 
construction. Many remains of icthyolites, either as entire fishes, or detached scales and 
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teeth, with coprolites, their fossil excrement, are scattered through the limestone strata, 
some of which were of great magnitude, and evidently voracious, from the formidable 
weapons with which they are armed* 1. represents, a tooth belonging to the tribe 

of HybodantSy a family of sharks 




analogous to the living genus, the Port 
Jackson shark : and, 2. a tooth of the 
MegalichthySf a gigantic sauroid fish, 
from the limestone of Burdie-house 
near Edinburgh. Mr. Murchison 
found in Russia the scales of this 


creature, which belongs to the car- 
boniferous system, in an upper Ix^d of the old red sandstone, mingled with those of the 


Holoptychius, noticed in the last chapter, which belongs to the sandstone formation ; and 
in the strata at Burdie-house, forming the lower part of the coni series, the scales of both 
are intermingled. “ Both ichthyolites cross, as it w^ere, the borders of their respective 
formations. The one w^itnessed the closing twilight of the more ancient system, the 
other the dawn of tlie system which succeeded it. They were cotemporaries for a time, 
somewhat in the manner that Sliem was cotemporary with Isaac.” 

Millstone Grit , — The coarse sandstones which form the principal part of this deposit 
are chiefly distinguished by their great induration ; and the evidence afforded of mecha- 


nical formation from the detritus of pre-existing masses. Quartoze particles of various 
sizes, with rounded particles of felspar occasionally, agglutinated by an argillaceous 
cement, compose the grit, in which beds of shale are interspersed, and impure bituminous 
limestone, with thin seams of coal of an inferior quality. It forms the surface of elevated 
moorlands, covered with a vegetation of brown or purple heath, mosses, and groups of 
pines, and in several instances the grit occurs as a kind of cap to insulated mountains of 
shale. Kihdcr-Scout, the loftiest eminence in the Peak of Derbyshire, the subject of the 
local adage, indicating the long reign of winter upon its brow, — 


•* If there be snow without; it will lie on Kinderscout>" — 


is a huge mass of shale with a cap of millstone grit. It is extensively developed in 
northern and central England, and forms an important component of the wild scenery in 
the neighbourhood of Matlock, capping the High Tor at the entrance of the valley, and 
composing the remarkably bold escarpment of Stonni, the strata at various points 
exhibiting great disturbance, being split and shattered in every direction, and abruptly 
projecting from the general mass in a highly inclined position. “ I stood,” says a tourist, 
“on the top of Stonnis (Stone-house) — huge masses of rock (millstone grit) lay scattered 
at my feet — a grove of pines waved their dark branches over my head. I have scaled 
the highest eminences in the mountainous districts of Derbyshire — seen from their sum- 
mits the sweet dales that repose in tranquil beauty at their base — marked the multitude 
of hills included within the wide horizon they command ; but not an eminence that I 
ever before ascended — not a prospect, however rich and varied, which I thence descried 

was at all comparable with the view from Stonnis.” 

Marine shells occur in the millstone grit, and vegetable impressions in the shales, analo- 
gous to those which are so abundant in the supeijacent strata, to which we proceed. 

Coal Measures, ^Alternations of layers of variable nature and thickness compose this 
important formation, the chief of which condst of sandstone, shale, ironstone, and coal, 
which gives its name to the entire series. The two latter may be styled new prodnets in 
the economy of the globe, for though iron exists in veins in the older rocks, and is diffused 
through some of them as a colouring matter, layers of day-ironstone first appear in the 
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coal-mcosurcs ; and though thin seams of coal occur in the mountain limestone, the work- 
able and Useful article is only met with in the upper part of the (uirhoniferous system. 
The argillaceous, or chiy-ironstoue, is of a grey, brown, or bluish-grey ctdour, and is 
scarcely to be discriminated from any ordinary stone except by its greater weight. There 
are in general several detached strata of it in the same tract of country, each varying in 
thickness from half an inch to upwards of a foot, and presenting some difl’ercnces of 
chemical composition. It occurs also in the form of nodules imbedded in strata ol‘ clay or 
shale, having an oval or conical slinpc, and composing continuous bands like tlie flints in 
chalk. Tluise nodules differ greatly in size, from that of a bean to several feet in diameter, 
and in weight from an ounce to upwards of a ton. Tln^y are often aggregations around 
shells, or fern branches. To separate the metal from the other ingredients which 
enter into the composition of the ironstone, coal and limestone are essential ; and 
it has been properly remarked to be one of tlie beneficent arrangements of Providence in 
distributing the rude materials of the earth, that iron, the most useful of nil roetuls, so 
indispensable to all the iirts which bring comfort to man, should be found in irnmediatt; 
connection wdth the fuel reejuired to melt the ore, and with the limestone, which sub- 
jects the argillaceous matter in it, by itself infusible, to the action of fire. 

The existence of the iron manufacture in any locality is tlius determined by the 
readiness with which the ironstone as well as the fuel and limestone necessary for its 
reduction can be procured, and by the facilities afforded in the district for the trans- 
jiort of the heavy products to the best markets. The forest of Dean was one of the 
earliest scats of the manufacture, wood lieing used as fuel ; but apprehending a scarcity 
of timber for ship-building, its further employment was restricted by several acts of Queen 
Elizabeth. Various unsuccessful attempts were soon afterwards made to smelt iron with 
pit-coal, one of which is detailed in a curious volume entitled Metallum Martin^ by 
Dudley, the founder of the noble family of Dudley and Ward, publishetl in the reign of 
Charles II. He made the experiment himself, and states : “ The author erected a new 
large furnace on purpose, twenty-seven feet square, all of stone, for his new invention, at 
a place called Hascobridge, in the parish of S^lgeley and county of Stafford ; the bellows 
of which furnace w'ere larger than ordinary bellows are ; in which work he made seven 
ions of iron per week, the greatest quantity of pit-coal inon that ever yet was made in 
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Great Britain. Near which furnace the author discovered many new coal-mines, ten 
yards thick, and iron-mines underneath, which coal-works being brought into perfection, 
the author was by force thrown out of them, and the bellows of his new furnace and inven- 
tion by riotous persons cut in pieces, to his no small prejudice, and loss of his invention of 
making iron with pit-coal.” He informs us, further on, that this had been ** of late a 
mighty woodland country ; ” and proceeds, Now if the coals and ironstone so abounding 
were made right use of, we need not want iron as we do, for very many measures of iron- 
stone are placed together under the great ten yards* thickness of coal, and upon another 
thickness of coal two yards thick, not yet mentioned, called the bottom coal or heathern 
coal, as if God had decreed the time when and how these smiths should be supplied, and 
this island also, with iron ; and most especially that this coal and ironstone should give 
the first and last occasion for the invention of making iron with pit-coal, no place being 
so fit for the invention to be perfected in as this country for the general good, whose 
lands did formerly abound in forests, chases, parks, and woods, but exhausted in these 
parts.** Many subsequent attempts with furnaces supplied with air from leathern 
bellows, worked by oxen, horses, or human labour, were failures, for additional resources 
from mechanical powers were needed before the blast could be rendered sufficiently 
powerful to enable pit-coal to be applied to the smelting of iron. The required assistance 
was at length provided in the steam engine, improved and perfected within a few miles 
of one of the great coal and ironstone districts. 

The beds of coal in n coal-field, though of a considerable number, are far less numerous 
than the alternating strata of sandstone, and shale, called rock measures, and far less in 
the aggregate thickness. At Anzin, near Valenciennes, a pit less than 100 ya^ds deep 
passes through 50 layers of coal, small and great ; at Lcige 61 have been ascertained ; 
the single mountain of Duttweiber, near Saarbruck, includes 32; at Newcastle the 
Killingworth pit, within 230 yards, traverses 25. The total thickness of the coal in the 
English and Scottish fields is staled to be from 50 to 60 feet, divided into 20 or more beds, 
which vary in thickness from a few inches to six feet, and alternate with from 20 to 100 
times as great a quantity of rock measures. Mr. W. Forster, in the following table, 
represents the alternations of the coal and rock measures in the Newcastle district, with 
the thickness of each : — 



yds. 

ft in. 

yds. 

ft. 

in. 


yds. ft 

in. 

yds. 

ft 

in. 

Brown pofit, or grindstone sill 24 

0 

0 




Hock measures 

- 10 

1 

2 




Coal 

- 



0 

0 

6 

Coal (stone coal) - 




0 

1 

2 

Rock measures 

- 10 

0 

0 




Rock measures 

- 19 

0 

7 




Coal 

- 



0 

0 

8 

Coal (yard coal) - 




1 

0 

0 

Rock measures 

- 22 

0 

0 




Rock measures 

- 7 

1 

3 




Coal 




0 

0 

6 

Coal 




0 

0 

6 

Rook measures 

- 15 

2 

6 




Bock measures 

- 18 

0 

11 




Coal 




0 

1 

0 

Coal (Bensham) - 




1 

0 

S 

Rook measures 

- 11 

1 

0 




Rock measures 

- 26 

0 

6 




Coal 




0 

0 

6 

Coal 




1 

0 

6 

Rook measures 

- 7 

1 

0 




Rock measures 

- 9 

1 

10 




Coal 




0 

0 

8 

Coal 




1 

0 

2 

Rock measures 

- 6 

1 

0 




Rock measures 

- 1 

] 

0 




Coal 




0 

0 

8 

Coal 




0 

0 

9 

Rock measures 

- 19 

1 

0 




Rock measures 

- 9 

2 

9 




Coal 




0 

1 

0 

Coal (Low Main) - 




9 

0 

6 

Rock measures 

- 16 

0 

0 




Rock measures 

- 27 

0 

0 




Coal (High Main) - 




2 

0 

0 

Coal 




0 

I 

6 

Rook measures 

. 11 

0 

0 




Rook measures 

- 15 

0 

0 




Coal (metal coat) 




0 

1 

7 

Coal 




0 

0 

6 

Rock meuurcs 

- 6 

0 

0 




Rock measures 

. 19 

0 

0 
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yds. ft. in. 

yds. ft. in. 



yds. ft. in. 

yds. ft. in. 

Coal 

- 

0 0 2 

Coal (Whickam St.) 


. 

2 0 0 

Rock measures 

- 10 0 0 


Rock measures 


- 10 0 0 


Coal 

- 

0 0 6 

Coal (Brookwell) - 


. 

1 0 2 

Rock measures 

- 4 0 0 


Various rock measures 


- 50 2 0 


Coal 

- 

0 0 6 

Millstone grit. 







yds. 

ft. 

in. 


Total thickness of rock measures 

- 380 

0 

6 


Total thickness of coal 

- 

- 15 

2 

3 



Mr. N. J. Winch gives tlie following enumeration of the different strata passed through 
in Bigge’s Main Colliery in the Newcastle coal-field, which shows the relative preponder- 
ance of the rock measures over the seams of coal in thickness; — 

fi. in. 

1. From the surface of the ground they sunk through clay to the depth of - • . O 

2. Through sandstone from thence - - - - - . - >42 6 

3. They then came upon the first scam of coal, but which had only a thickness of - >08 

4. From this seam to the tliick bed called the High Main coal of the Tyne, they sunk through 

29 different beds of sandstone and shale, varying in thickness from 40 inches to .ll feet, 
interstratified with 8 seams of coal from 5 to 18 inches thick, amounting together to • 418 2 

5. The High Main coal of the Tyne had here a thickness of> > . - - 68 

6. From this seam they sunk further through 52 beds of sandstone and shale, varying from 5 

inches to 84 feet in thickness, interstratified with 1 9 different scams of coal from 2 to 37 
inches thick, and amounting together to- - - > > - . 503 2 

7. They now came upon the seam of coal called the Low Main coal of the which hail in 

this pit a thickness of- - - - - - - - -29 

8. And they sank beneath this through 10 different beds of stone, from 12 inches to 12 fei't 

thick, and two seams of coal of 4 and 12 inches, making together - - - 82 0 

And giving a total depth of ........ 1157 ll 


Thus 125 different strata were passed through, only 32 of which were seams of coal, 
and only 19 of these were capable of being profitably worked. I'he thickest bed of coal 
in the Neivcastle district, the High Main of the Tyne, does not exceed 6 feet ; this is 
exceeded by abed in the Yorkshire coal-field, near Barnsley, which is 10 feet; but this 
is again far surpassed by the south Staffordshire or Dudley coal-field, which contains 
seams from 30 to 45 feet in thickness. In this latter case, however, the enormous thick- 
ness seems to be rather made up of a number of beds divided by thin layers of clay slate, 
than one continuous stratum. In general, except near to the surface, a seam of coal will 
not pay the expense of working under a thickness of two feet. 

The position of the coal measures is occasionally very highly inclined, but commonly 
they lie at a less angle, and often, as a whole, exhibit the appearance of a huge trough, or 
basin. The next engraving represents this construction, a section of the Bristol coal-field, 
extending from the Mendip Hills to the north-west of Bath, a distance of about twenty 
miles. The regular basin-shape given to the strata in the section is not indeed that which 
a perpendicular cutting into the ground of the district would expose, for many disloca- 
tions and disturbances would appear ; but the general arrangement of the coal measures 
of that locality, and in other places, shows the concave bendings indicated. This dispo- 
sition is not peculiar to the coal series, but belongs more or less to all formations where 
underlying strata or igneous rocks project in hills and mountains, though it has been 
more particularly remarked in the carboniferous system, from that having been more 
attentively searched for its important product. It is obviously due to an upheaving sub- 
terranean agency, to the action of which the series of coal seams has been variously 
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c^ose^ the lidei by the obtrudoa of ndigseent nasieg. This basin-shape 

is of iswhWW|i:,jBtij^ dnee h has brongfat all the layers of the formation near to the 



surface, and thus placed them within reach ; for had they followed a uniformly inclined 
course without interruption, the lower seams would have sunk to depths inaccessible to 
the art of man. The preceding section very clearly points to the cause of the concave 
form of the coal-beds. It shows also that the carboniferous deposit must have been laid 
down before the elevation of the Mendip Hills, and that the horizontal strata overlying 
the coal, belonging to the saliferous and oolitic systems, must have been formed after the 
disturbance took place, since they exhibit no symptoms of participation in it. 

Besides the proof of disturbance afforded by the concave form of the coal strata, they 

have been splintered and broken 
in various directions, by the same 
tremendous power to which their 
general contour is due, and hence 
the slips, faults, and dykes which 
the miner encounters in travers- 
ing a single stratum. The sim- 
plest form of a fault, or dyke, is 
shown in the engraving, the 
corresponding beds on each side 
being slightly thrown out of their 
level, the fault itself having no 
rauii In CiwJ-neia. great breadth. In many cases, 

however, faults have a considerable width, one of 22 yards occurring in Montagu colliery 
in the Newcastle coal-field ; and instead of the beds thus broken presenting only a trifling 
change of level, the difference is often enormous. In the Newrcastle coal-field a fault occurs 
term^ the “ninety fathom hitch, ” the strata on the opposite sides deviating from a common 
line to that extent A fault at Sherifi'-hall, in the vale of the Esk, in Mid Lothian, throws 
the strata out of the line of stratification no less than 500 feet, and in that locality 120 
ascertained dislocations occur. They abound also in the coal-fields of Fife and Clack- 
mannan, causing divergences to the extent of from between 500 and 1200 feet. The 
extraordinary energy of the dislocating power is suflBciently proclaimed by the fact of 
massy beds being fractured, and the broken parts separated from each other, by such 
intervals as these, either through the elevation of the one or the subsidence of the other, 
for it is impossible to say which has happened. Faults are sometimes repeated several^ 
times within a very short distance, each involving the displacement of strata. However 
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seriotislj these deraogeiiienU iaterrupt for a tiEie llle of the miner, they are not 
without their use, meting sometimes as TdTOi water of a ndne is drained o£^ 

or when filled up with eompact matter, they aerfe al fioodgates arresting its course, and 
preventing its access to deposiu which it mi|^t othetvrise inundate* 

The coal-beds exhibit immense disturbances firom the coruption of igneous rocks, the 
members of the trap family greenstoiie% eBnkstones^ and baialts ^ which are associated 
with them in disrupting, overlying^ aiidiiiteiatratifying mas^ the coal in their 

neighbourhood, and variously converting it into c^e, anthracite, and plumbago. The 
South Staffordshire coal-field is invaded by a picturesque range of basaltic hilb between 
Dudley and Rowley Regis, and by other emptions of trap which fill up dykes and faults 
occurring in the strata. The manner in which the beds of coal have here been disturbed 
and broken through by protruding plutonic masses, is illustrated in the two sections from 



Itnaginnrj' Section iM^fore diilurbAnce. 

a, Lower new sandstone ; b, thick cool seams ; c, thin seams spreatling out beneath the seams ; d, Silurian rocks on which they rest. 


Mr. Murchison ; the one an imaginary sketch of its appearance while a depositary un- 
disturbed by the subterranean forces ; the other exhibiting its present shuttered aspect 
as the result of their action. Analogous disruption and dislocations of the coal by trap 
rocks appear in almost every field. 



The working of the coal measures is one of the most severe and dangerous dejmrtnienls 
of human labour, even when under the most enlightened and humane superintendence, 
and with capital sufficient to command the application of steam-power as extensively as it 
can be employed ; but when under the management of a needy or grasjiing owner, a 
colliery is equally degrading to humanity and perilous to life. In coal mines of tliis latter 
description fenaales were employed at the windlass and at labours still more revolting — a 
spectacle which legislation has recently made an effort to abolish. The mnstijr difficulty, 
however, of many coal-mines, which no law can touch, and which defies the power of 
capital and the contrivances of humanity, arises from the thinness of the coal-seams, which 
become the subterranean roadways after the mineral has been extracted, and the distances 
to which these lateral passages extend from the main shaft, together with the depth 
below its bottom to which excavation leads. They cannot be traversed except in an 
unnatural and constrained posture, nor could their capacity be enlarged, without an 
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outlay of capital incom- “1;^. '/t i 

patible with a profitable , ,, ^ '''i ' i ' J 

return. The labourer - 

has to work in these narrow seams T[||^ I \ - 

either on his knees, or in a less " ' ' .i. 

erect position, his helpers drawing ' ^ 

the skiffs of coal cut away upon . i 

all-fours. When the seam dips \ X^ “||j| 

at a considerable angle, the coal is '\\ 

drawn up the incline to a level by ‘ liiiiii 11111 11111(1 (n - 

* ; Sown dipping. 

means of a windlass, as represented. 

Every pit which has been worked any length of time contains a number of these 
excavated seams, one above another, connected by trap stairs, all lying below the 
bottom of the shaft of the mine, to which the coal has to 
be carried. The height ascended, with the length of the 
lateral passages, is often a journey equal to the ascent of 
lx j l*awl’8» but far more laborious, owing to the burdens borne 

coal -bearers. Sometimes the subterranean highways, 

' instead of being connected by a trap staircase^ are severally 

reached by a “ turnpike stair,” a gradually ascending, spiral, 
'I unrailed road. Besides the exhausting nature and the dreary 
^^*^**’ toils— plying with blackened arms the pick- 
axe, a hundred fathoms deep below the surface of the soil, in 
S'* S # ^ damp and darkness which a few flickering lamps serve but 

? f ^ to render visible — peculiar dangers threaten habitually the 

J, ^ mining population, from the possibility of the roof of their 

' subterranean workshop falling in upon them, or the explosion 
of the inflammable gas evolved from the coal, through contact 
^ ''^'th an unguarded flume. 

world are the coal measures, with the 
' other members of the carboniferous system, so extensively 
^ developed, within the same area, as in the British islands. 

Leaving out of sight the great beds in the lowlands of Scot- 
land, and in Ireland, there are in England and Wales the following fields, the arrange- 
ment of which is adopted from Conybeare and Phillips: — 




COAL DISTRICT NORXn OP TOE TRENT, OR GRAND PENINE CHAIN. 

1. Field of Northumberland and Durham, stretching from the river Coquet on the north 
to tlie Tees or the south, a distance of fifty-eight miles, by a breadth, at the greatest, of 
twenty-four. 
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2. Fields detached in north Yorkshire, of very limited extent. 

3. Field of south Yorkshire, Nottingham, and Derbyshire, extending from tlie north-east 
of Leeds to the north of Derby, a length of sixty-five miles, by a width, at the greatest, 
of twenty-three. 

4. Fields of north Staffordsliire — two detached — one at Newcastle under Lyme, the 
most important, and the other at Cheadle, of small consequence. 

5. Field of south Lancashire, or Manchester, extending from tlie north-west of D<?rby- 
shire nearly due north to Kochdule, and from thence westward to Preston, having a 
general crescent-shape. 

6. Field of north Lancashire^ between Lancaster and Ingleton. 

7. Field of Whitehaven, on the west coast of Cumberland. 

CENTRAL COAL HISTKICT. 

8. Field of Ashby de la Zouch, occupying an irregular area, the longer diameter of which 
is about ten miles, and the shorter eight. 

9. Field of Warwickshire, reaching from the neighbourhood of Coventry to that of 
Tamworth, sixteen miles in length, by an averagti breadth of three. 

10. Field of South Staffordshire, or Dudley, extending from Brereton near Bugeh^ to 
near Stourbridge, about twenty miles, having its greatest breadth, from Walsall to 
Wolverhampton, about seven miles. 

WESTERN COAL DISTRICT. 

11. Field of Isle of Anglesea, a valley traversing the whole island, at vari(uis points of 
which coal has been worked. 

12. Field of Flintshire, extending from the western cape of tlu^ estuary of the Dee to 
near Oswestry in Shropshire, a distance of thirty miles, hut far from being worked 
throughout. 

13. Field of Coal-brook Dale, on the Severn, six miles long, by two broad. 

14. Field of the Plain of Shrewsbury, east of tlie Wrekin chain, consisting of small, 
detached, patches of coal-strata, of very limited extent. 

GREAT SOUTH-WESTERN COAL DISTRICT. 

15. Field of South Wales, extending from Pontypool on the east, to St. Bride’s bay in 
Pembrokeshire, on the west, upwards of a hundred miles in length, with a breadth 
varying from four to twenty. 

16. Field of Somerset and south Gloucester, an irregular area, hounded by Bath on 
the east, and Bristol on the w^est, about fdeven mihfs, the Mendip Hills on the south, and 
Coleford on the north, about tw'enty-five miles. 

17. Field of the Forest of Dean, an irregular elliptical area, bounded by tlie Wye, the 
Severn, and the road from Gloucester to Ross, the longer diameter ten miles, and the 
shorter six. 

The more important of these fields are those numbered 1. 3. 5. 10. 15, and 16., yiidding 
coal, of which there are three principal varieties. 1. Stone-coal, containing little or no 
bitumen, but much earthy matter, producing a large quantity of ashes, the prevailing kind 
furnished by the Staffordshire pits. 2. Caking-coal, containing about forty per cent, of 
bitumen, the kind ‘found in Durham and Northumberland. 3. Cannel coal, containing 
about twenty per cent, of bitumen, occurring in Lancashire. All these varieties are some- 
times obtained from the same pit. The quantity annually consumed in the United 
Kingdom has been estimated by a competent authority at somewhat less than 30,000,000 
of tons; and we shall have full that amount obtained from our deposits, reckoning the 
quantity exported to the colonies and to foieign countries, which exceeded 700,000 tons 
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in the year 1835. The abatraction of this enormous mass from the bowels of the land^ 
increasing every year with an augmented population, has created immense vacuities 
beneath the surface soil, which not unfrequently proclaims their existence by its 
subsidence. The south StaflTordshire coal district has been aptly compared to a rabbit 
warren, so completely has the country been bored into and burrowed under. Houses and 
rows of buildings, swerving from the perpendicular, with large cracks in the walls, caused 
by the sinking of the ground into old workings, form a common spectacle in that 
locality ; and many have long remained tenantless, owing to the danger involved in 
occupying them. There is an instance in the parish of Sedgeley of a church and 
parsonage house, recently erected, composed of wooden frame-work, which will admit of 
their being screwed up again into the perpendicular, when thrown out of it. 

The foreign localities of coal are far too numerous to be mentioned. It occurs in Spain, 
Sweden, France, Belgium, and largely in various parts of Germany and Russia ; in the 
Indian and Birman empires, in China, Australia, and around the Persian gulf; in 
Melville island, within the polar circle; and of the northern part of the western 
continent, generally. Professor Hitchcock remarks, that its “ coal deposits are among 
the largest in the world. The anthracite deposit of Pottsville is sixty miles long and 
about five broad ; that of Shamokin, commencing near Lehigh, is of the same length and 
width ; and that of Wilkesbarre is forty miles long and two broad. In some instances a 
single seam of coal in these strata is sixty feet thick ; and near the middle of the valley, 
between the Sharp and Broad mountains no less than 65 seams have been counted. The 
bituminous coal-field, embracing the western part of Pennsylvania, and a part of Ohio, 
extends over an area of twenty-four thousand square miles ; the largest accumulation of 
carbonaceous matter probably in the world. In fact, the bituminous coal measures can 
perhaps be traced almost continuously from Pennsylvania to the Mississippi, and even 
into Missouri, two hundred miles west of that river. Indeed, coal exists on the eastern 
slope of the Rocky Mountains ; and it would not be strange if this should be found to 
be the western outcrop of coal-bearing strata, whose eastern extremity is in Pennsylvania. 
At any rate, it is certain that extensive seams of bituminous coal exist in Pennsylvania, 
Virginia, Ohio, Indiana, Illinois, Michigan, Tennessee, Alabama, and Missouri.” 

The vegetable origin of this important product is established by the most irrefragable 
evidence, and is now universally admitted. Mr. Hutton states, that if any of the three 
varieties of coal found near Newcastle be cut into very thin slices, and submitted to a 
microscope, more or less of vegetable structure can be recognised ; and Dr. Macculloch 
solved the problem of this substance by a series of interesting experiments, successfully 
tracing the transition of vegetable matter from peat-wood, brown-coal, lignite, and jet, 
to coal, anthracite, graphite, and plumbago. The imbedding of vegetable matter in the 
earth — the exclusion of the atmospheric air — and the confinement of the gaseous 
elements evolved, are the three necessary conditions of the process of change, and 
according to the completeness in which they have co-existed, have we a perfectly formed 
cool, which requires the microscope to detect the traces of vegetable structure, or a mass 
only partially carbonised, the nature of which is at once proclaimed by a clear develop- 
ment of vegetable forms. In many coal-fields, the remains of vegetables are found, 
retaining in wonderful perfection and beauty their original contour, even the most delicate 
parts, and exhibiting little change at all excepting that of colour. Dr. Buckland 
remarks of the Bohemian coal mines : — ** The most elaborate imitations of living foliage 
upon the painted ceilings of Italian palaces, bear no comparison with the beauteous 
profusion of extinct vegetable forms, with which the galleries of these instructive coal 
mines are overhung. The roof is covered as with a canopy of gorgeous tapestry, 
enriched with festoons of most graceful foliage, flung in wild, irregular profusion over 
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every portion of its surface. The effect is heightened by the contrast of the coal-black 
colour of these vegetables, with the light ground-work of the rock to which tliey are 
attached. The spectator feels himself transported, as if by enchantment, into the forests 
of another world ; he beholds trees of forms and characters now unknown upon the surface 
of the earth, presented to his senses almost in the beauty and vigour of their primeval 
life ; their scaly stems, and bending branches, wdtii their delicate apparatus of foliage, 
are all spread forth before him; little impaired by the lapse of countless ages, and bearing 
faithful records of extinct systems of vegetation, which began and terminated in times of 
which these relics are the infallible historians.** It is not in the coal itself that the 
distinct forms of vegetable matter are most numerous, but in the layers of shale, 
sandstone, and ironstone which intervene between its scams ; and besides plants, the coal 
formation contains the organic remains of marine iishes, with molluscous and crustaceous 
reliquiae supposed to be of fresh-water or estuary origin — the latter, a new feature in 
the earth’s story of organic life. 

The following are some of the most common and interesting vegetable remains in the 
coal measures. 

Ferns. — Of these flowerlcss plants there are now existing about fifteen hundred species. 

They are often subterraneous and 
creeping, but become arborescent 
and leafy above the ground, esiie- 
cially within the tropics, to which 
zone the arborescent ferns are now 
confitHid, with the exception of some 
in the islands of the southern he- 
misphere. Those of Pmro^KJ are of 
diminutive size, but towards the 




equatorial regions they often attain 
the height of forty or fifty feet, the 
magnitude of trees, os in the ad- 
joining figure. On the staircase 
of the British Museum there is an 
example of a Bengal species forty- 
five feet high. The fossil ferns of 
the coal formation, amounting to 
one hundred and twenty species and 


Tropical Fcrni. 

flora, and almost all of them belong to the 


upwards, include nearly half of its 
arborescent tril>e, from which Brongniart in- 



fers that the conditions of heat and humidity, which 
now favour their growth, more especially obtained, 
and that in high northern latitudes, during the 

carboniferous pe- 
riod. They are 
arranged in ge- 
nera, according to 
the shape of the 
leaves, their mode 
of attachment to 
the stem, and the 



Anraltfia brairUblfau 


sphenopnyiiuTn dpnutum. manner in which 


the veins of the leaves are distributed. While the foliage of these ancient ferns occurs 
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abundantly in the coal series, their stems are but rarely encountered. It is uncertain 
to what tribe of plants the annexed specimens belong, denominated from the wedge and 
ring-shape of their leaves, very abundant in many localities. 

SigillarisB. — This is a class of trees, of which many species are enumerated, formerly 
supposed to be monocotyledonous plants, allied to the arborescent ferns, but now 
considered to belong to the dicotyledonous tribe, differing from any now existing upon 
the face of the globe. The name is derived from sigillum^ a seal, and refers to the im- 


i 


^ I '1 

^ ^ , .lilllH : 


prints upon the surface of the stem or trunk, as in the figure, 
which are scars left by the separation of the stalks from it. 
Jjongitudinal ribs or fiutings marked the stem, a structure 
exhibited by some living dicotyledonous trees in New 
Zealand. Sigillarim are often found crushed into slabs, by 
the weight of the superincumbent strata, but vertical or 
highly inclined trunks of these fossil trees have been 
repeatedly discovered, standing apparently in the place 
where they grew, the bark being converted into coal, with 
the interior now filled up with sand or clay ; and it is no 
uncommon occurrence at present, in tropical countries, for 



tlie interior of hard-wood trees to be entirely ate away by 
insects, the bark being left intact, and the tree to all ap- 


pearance sound. Brongniart long ago described a remarkable 


example in the Treuil coal-mine near Etienne, in the department of the Loire^ of which 
the figure is a view. The coal formation in this place offers a circumstance favourable for 

observation, being situated in such 
a manner that it can be worked in 
open day as a quarry, of which we 
have no instance in England. The 
mine presents a series of alternating 
beds of schistose clay, ironstone, coal, 
and micaceous sandstone, in which 
numerous stems occur, placed ver- 
tically, traversing all the strata, of 
which the view annexed shows only 
a very small proportion. It is a true 
fossil forest, as it were petrified in 
place. The stems, for the most part, 
were observed to bo cylindrical, 
articulated, and striated, the interior 
showing no organic texture, but 
filled with a rock of the same nature 
as that composing the beds traversed. 
The occurrence of similar fossil 



Section of a Coal-mine near Etienne. 


trunks in the coal measures has been often noticed, some of which must have been of 


gigantic siae, the diameter of the remains varying from half a foot to three feet, and the 
length extending to sixty feet and more. Our recent railway operations have brought 
to light a considerable number of instances. In the construction of the Claycross tunnel, 
which runs through strata lying in the middle of the Derbyshire coal measures, a group 
of between thirty and forty trees was discovered, slhinding close together, at right angles 
to the plane of the strata ; and in forming the Manchester and Bolton railway, five 
trunks were found, of which an excellent memoir has been given by Mr. Hawkshaw, from 
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the drawing of which this engraving is taken. These trunks were coated with a thin 
layer of coal, their carbonised bark, the interior consisting of the shule in which they 
wei'e discovered. 




StigmarlA flcoidf*. 


Fossil Trees on tlie Bolton and Manrhoster Bnflwnjr : ~ n. On* trw* • A. stmtillratlon nlKivr Ihn fusslls j r, d, r, thin beds of 

•liule ; a kcain ut' t'uul two foot thick. 

Stigmarioe. — These extraordinary vcgetahle fossils are so called from their spotted stems, 
I j as in the cut. They are known in almost every coal- 
mine, fragments occurring in almost every heap of shnhi 
“■'js. jcSi thrown out. A cylindrical sttmi, the surface marked with 
tubercles or spots, with many horizontal hriirichcs or 
leaves springing from it, the interior probably t)f a yield- 
ing fleshy substance, characterise this tribe of extinct 
plants, which have now no living analogues. I'hey an*, 
supposed to have been arpiatics, occupying swamps or 
shallow lakes, attaining a considerable magnitude, tlu*. 
stems varying in diameter from a few inches to several 
feet. 

Lepidodendra. — This name, signifying 8C4ily-trec, refers to the scaly appearance of the 
plants thus indicated, which are among the common products of 
the coal measures. The cut represents a portion of the stem of 
one species ; but stems occur, of other species, invested with 
leaves of simple structure and lanceolate shape. By some they 
are viewed as analogous to the existing lycopodiaccousgcnu.s, or 
tribe of club-mosses, but we have no living exam|)les of this 
tribe which attain a greater height than three feet, and they are 
principally weak, diminutive plants, trailing on the ground, 
while these fossil specimens exhibit an enormous size, rivalling 
forest-trees in magnitude. In the Jarrow colliery, a specimen 
was discovered, the stem of which was forty feet in length, and 
thirteen feet in diameter at the base, dividing towards the 
L^idodendron crenatmn. Summit into fifteen Of twenty branches. 

Calamites. — These plants, characterised by a reedy structure, cylindrical, articulated 
stems, constituted an important feature of the vegetation of the carlKiniferous era, as shown 
by the abundance of their remains, and are usually considered to have formed the earliest 
terrestrial flora, some obscure traces of them being found in the more ancient strata. 
They are thought to be allied to the existing order of EfjuUcticeWt or horse-tails, a 
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Teiy common tribe in our swampt and ditches, whose geographical range extends froA 
the polar circle to the torrid zone. But the difference between 
the living and the extinct families is immense as to dimensiona. 
The horse-tails are elegant, slender, weak-stemmed plants, not 
exceeding in tropical regions the height of five feet, and the 
diameter of an inch, while some of the Calamites attained a 
height of from thirty to forty feet, and a diameter of from 
one to three feet. The figure exhibits the fragment of a Gala* 
mite. 

caiomUeBcnimastbrniii. ConiferoB. — Cone-bcaring trees, aa the fir, larch, and Arau- 

caria, or Norfolk Island pine, constitute a large and important part of the existing vege- 
tation of all climates, and they occur in rocks of all ages from the carboniferous system 
to the superficial accumulations. Mr. Witham has figured the trunk of an Araucaria, 
large and branchless, found in Cragleith quarry, near Edinburgh, in strata belonging 
to the coal-field of Mid Lothian. It was forty-seven feet long, the greatest diameter 



Tree in Cralgleith Qiurry 


being five feet, the smnllesc nineteen inches. The trunk was very much fiattened in 
some parts, lying under 136 feet of strata, in an inclined position, as represented in 
the sketch. The bark was converted into coal, but internally the woody texture of the 
tree was in many places perfectly preserved. Araucarias have been alone found fossil in 
Great Britain ; but genuine pines occur in the coal formations of Nova Scotia and New 
HoUand. 

Suck are some of the vegetable forms extant in the coal measures, the greater propor- 
tion of which are ferns ; but, from a celebrated experiment of Dr. Lindley, it appears 
that the preserved speciincns of plants are no index to the entire constitutimi of the 
carbonaceous matter, or to the whole flora of the globe at the carboniferous era. He 
immersed in a tank of fresh water 177 species of living plants for more than two years, 
and arrived at the following conclusions: — 1. That the leaves and bark of most dicoty- 
ledonous plants are wholly decomposed in two years ; and that of those that do resist it, 
the greater part are Conifene and Cycadem. 2. That monocotyledons are more capable of 
resisting the action of water, particularly Palms and Scitamineous plants, but that grasses 
and sedges perish. 3. That Fungi, Mosses, and all the lowest forms of vegetation, dis- 
appear. 4. That Ferns have a great power of resisting water, if in a green state ; not 
one of those submitted to the experiment having disappeared, but that their fructification 
perished. Thus those plants (the ferns) were found, by this experiment, most enduring 
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in whid^ we find most abundant in a fossil state ; while the dicotyledonous tribes 
hod little capacity to resist its action, and their organic remains are comparatively rare. 
The chief objection that con be made to the experiment is advanced by Count Sternbei^, 
that pure water, used by Dr. Lindley, may not have produced precisely the same chemical 
effects upon the vegetation, as in the case of the coal-plants, which were immersed in 
waters so impure and admixed as to have deposited the shale in which they are imbedded. 
It follows, however, as a general conclusion, that a large mass of vegetable organisation 
has probably perished, which was contemporaneous with the forms that are still extant, 
and diverse from them ; so that the structures traceable must be regarded as a few speci- 
mens only of the ancient flora of the earth, which have survived the catastrophe of 
submergence. Yet nothing can be clearer, from the vast accumulations of carbonaceous 
matter, and the gigantic size of its fossil plants, than the existence of landscapes, in far 
remote ages, clothed with a vigorous and abundant vegetation, — forests waving in the 
breeze, as ample as those that now distinguish our humid equatorial districts. Still, as 
far as evidence extends, there was as yet no song of birds — no voice of any vertebral 
animal — to enliven the scene ; and the aspect of terrestrial nature, though imposing, 
was sombre, better adapted to prepare fuel for man, than to constitute his happy 
dwelling. 


CHAPTER Vll. 


THE NEW llED SANDSTONE SYSTEM. 


T is common with the travellers of modern 
times, in various regions of the glob<s after 
passing through extensive tracts of dense and 
noble forests, almost impenetrable through an 
accumulation of brushwood and interlacing 
creepers, to enter upon an open country, bare 
of vegetation, and presenting upon its sandy 
plains few of the forms of organic life. A 
similar change in the aspect of terrestrial 
nature is encountered upon an advance from 
the carboniferous to the overlying system in 
the grand series of formations. During the 
deposition of the New lied Sandstone, the con- 
dition of the earth ai>[)ear8 to have iKicn un- 
favourable to organised exist(*iie<!, from the 
paucity of the remains contained in it. lliese 
are chiefly marine, with few traces of land 
plants, indicating a state of the exymsed solid 
superfleies remarkably different to that which, during tfie formation of tJie coal- 
measures, was crowded with the stately forms of a vigorous v(*getation. In another 
respect, its strata strikingly and pleasingly contrast with tlui coal series ; for, instead of 
the dark* shales and black seams of the latter, we have variegated marls, red, green, and 
blue ; sandstones, red and white ; and grits, brown, yellow, and cream-coloured. From 





Carenia at Nottingham Cattle. 
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the different tint* of the marls, the 83rBtem lias been called Poikilitic by Mr.' Conybeare, 
signifying mottled or varied ; and Saliferous — salt-bearing — by others, from its immense 
deposits of rock-salt. But the new red sandstone is the appellation in most common use, 
denoting the arenaceous composition of the predominant rock, the colour prevailing in 
the group, and its more recent date than the old red sandstone, which undeidies the car- 
boniferous system. Argillaceous, calcareous, magnesian, and saline strata — marls, lime- 
stone, magnesian limestone, and rock-salt, arc variously associated with the sandstone. 

Where the system is completely exhibited in England, it presents the ibllowing scries 
of beds — an arrangement adopted from Professor Sedgewick : — 

Variegated mnrlH. — Red, with bluiah, grecnihh, ami whitish laminated clays or marls, 
holding gypsum generally, and rock-salt partially, as in Cheshire. Included in these marls 
are certain white and grey sandstones. 

Variegated sandstones. — lied sandstones, with some white and mottled portions, the lower 
parts in some districts (Nottinghamshire) pebbly. 

Laminated limestones of Knottingley, Doncaster, &c. with layers of coloured marls, 30 or 40 
feet. 

eSypseouH marls. — Red, bluish, and mottled. 

Magn<‘sian limestone, yellow and white, of various texture and structure, some parts full of 
fragmentary masses. 

Murl slates. — Laminated, impure, calcareous rocks, of a soft argillaceous or sandy nature. 

Red sandstone, with red and purple marls and micaceous beds The grits arc sometimes 

white or yellow, and pebbly. When conformable, this sandstone occasionally passes into 
the coni measures on which it rests. 

It is ottly in a f<‘W plactis in the north of England that the above series is found entire ; 
ill other parts of tlic kingdom where the formation exists several members are wanting, 
and sometimes the whole system is almost exclusively represented by the gypseous marls, 
or the magnesian limestone, or the red mottled sandstone. The following table exhibits 
the complete German, Eiiglisli, and French series: — 

(Jrrnj!U(y. | 

Keiiper marls and grits. Keuper is supposed I 
to be a (icrmnn iiiiner\ term; but the deri- | 
vutidu is unknown. 

Muschelkalk — a limestone so denominated 
from its containing an abundance of mollus- 
cous remains. 

Hunter sandsteiu — mottled sandstone, a name 
which originated with Werner. 

SUnkstein, fetid 'limestone; Rauwucke, cel- 
lular limeatone. 

Gypseous marls - - . . 

Zechstein — mine-stone, referring to veins of 
copper ore lieing found in it 

Kupfer sebiefer — coppcr-slutc 

Rothe-todte-Iiegcnde — red deud-lier, indi- 
cating that the metallic ore in the almve 
deposit has died out and is not found in 
the underlying red sand stone . 

It will l>e scon from a comparison of the above table, that the German series differs 
from the English in the addition of the muschelkalk ; vrhile the French contains it, and 
differs from that of the otlier two countries in the absence of various beds. It has, there- 
fore, been remarked, as an important fact for the student to bear in mind, that it is by a 
general analogy in the type, and not by any conventional series of strata, that systems 
are to be identified in diflferent countries. In France the chain of the Vosges — a ridge 
which separates the ancient province of Alsace from that of Lorraine, and stretches 
northwards into the Bavarian circle of the Rhine— consists of granite and primary strata. 


EiiKland. 

France. 

Variegated marls and white and grey 
grits. 

Marnes liisecs. 

. 

1 Muschelkalk. 

1 

Variegated sandstones 

Upper limestone 

Gres bigarriV 

Gypseous marls. 

Magnesian limestone. 


Marl slate. 

Lower red sandstone 

Gres de Vosges. 
Gres rouge. 


Upper, I 
Sunk into 
600 feet. 


Middle. 
200 or 300 
feet thick. 


Lower. 



THE NEW RED SANDSTONE SYSTEM. 


700 

At the foot of these mountains coal-measures are found, above which are uiu'onformnhle 
strata of the lower new red sandstone, grh rouge, and grh de Vosges, The hitter is covered 
bj the gres bigarris, or variegated sandstone, the intermediate beds, which are wanting, 
having probably been denuded off, as the surface of the gres de Vosges exhibits consider- 
able degradation. This is overlain by the smoke-grey limestone, or muschelkalk, and then 
the marls occur, called mames irisees, from their varied hues. But both in France and 
Germany the upper part of the series constitutes a separate system, under the name of 
terrain keuprupie, or trias, from being readily divisible into three principal groups, — 
those Lamed at the head of the table, — which contain many remains of terrestrial plants. 



FhterophyUum rielnlngcHi. 


Conifei*® and Cycadere. The cut represents an extinct genus of Conifi^rse, namc'd 
Voltzia, found in the neighbourhood of Strasburg ; and a species of Cycadea;. 

The new red sandstone series occupies a vast extent of the area of England. From 
the river Exe, in Devonshire, it extends in a thin and interrupted line northward 
towards the midland counties, where it acquires great expansion, reaching from the cast 
of Nottingham, westward by Derby, Ashbourn, Newcastle-under-Lyme, to the borders of 
Wales, a- distance of seventy or eighty miles. It there becomes forked, the right fork 
running up the basin of the Trent with a considerable breadth, passing through York- 
shire to the county of Durham, where it forms the east coast, and terminates with a 
narrow slip south of the Tyne. The left fork starts from a base which comprises almost 
the whole of Cheshire, and runs in a narrow devious course from the estuary of the 
Mersey, at Liverpool, through the centre of Lancashire, to the northern part of the 
. county. There are several small detachments of the system, and a large outlier appears 
in Cumberland, Which embraces the whole plain of Carlisle. From immediately overlying 
the coal-measures, this great formation has become one of the special sites of commercial 
icnterprise, nineteen of our principal cities and chief seats of manufacture from Exeter to 
. Carlisle being located on strata belonging to it. Mr. Conybeare notices the prevailing 
red colour of the soil of this district as having given to many places their local names ; — 
. in Exeter, to Bougemont Castle, now a prison ; in Somersetshire, to Radford, Red-hill, and 
Redcliff; in Gloucestershire, to Redbrook ; in Worcestershire, to Red Marley; in Not- 
tinghamshire, to Retford, Radford, Ratcliffe, and Red-bill, at the junction of the Trent 
.and Soar; in Yorkshire, to Red Mire, Red Ho, and Red Bar Rocks, which appear on the 
.sea-coast between Guisborongh and HartlepooL The general aspect of the district 
exhibits a series of levels, with gently undulating ridges, but without any considerable 
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eminences. This circumstance, Mr. Phillips states, “ is probably not e^tplicable by tlie 
mere wasting of these soft rocks by floods of water, but due to some law of physical 
geology yet unexplained. We can only conjecture that it is connected with the repose 
of subterranean forces, which prevailed after the violent commotions of the coal strata over 
nearly all Europe, till the tertiary epoch.” A few elevations occur at the height of 800 
feet above the level of tiie sea, — Ashley Heath, Brandon Mount, and Barr Beacon ; but 
the average altitude of the hills is much lower. Some of the finest pastures in the king* 
dom arc included within the range of this formation. The cereal grasses and leguminous 
plants flourish luxuriantly upon the red marls, while the soil formed by the magnesian 
limestone, though usually considered unfertile, is favourable to the growth of various 
timber-trees, the oak, elm, and walnut, and especially suits the yellow rose and sweet- 
scented violet. 

The system is but scantily developed in Scotland, except on the borders of the Solway 
Firth, where it occurs in force, occupying also a considerable area in the north of Ireland. 
It comprises an immense extent of the continent of Europe, appears conspicuously in the 
countries watered by the Rhine, the Danube, and the Volga, and composes many of the 
river valleys of the United States. Without going through the beds of the formation 
consecutively, a few prominent or peculiar rocks of the series are selected for a general 
notice. 

Sandstone , — This is occasionally a fine-grained quartzose rock, forming a hard grit, 
of sufficient cohesion to be useful for architectural purposes. The grains seem covered 
externally and cemented together by the red oxide of iron, as if they were the ruins of a 
mass of pure quartz, much ground down, and deposited in waters, having a strong ferrugi- 
nous impregnation. But frequently the sandstone is a coarse conglomerate, composed of 
pebbles of various kinds, very slightly cemented, and hence easily excavated into artificial 
caverns, and of little value as a building stone. This is the case with the sand rock of 
the town and castle of Nottingham, consisting of rounded pebbles of quartz, granite. 



Nottlngluim Cattle. 


porphyry, and slate, which have 
either been derived from the 
Charnwood Forest Hills, or from 
identical rocks connected with 
that range, which have been 
completely worn away. The ar- 
rangement of these pebbles in 
the castle-rock indicates the state 
of commotion in which they were 
aggregated. The sandstone of 
this locality is remarkable for its 
numerous caverns, which are all 
probably artificial, or, if natural, 
have been enlarged, and received 
their present shape from human 
labour, the soft and friable na- 
ture of the rock admitting of an 
easy excavation. This circum- 
stance, according to some etyroo* 


legists, has given its name to the town, and through it to the county, a derivation from 


the Saxon smdengaham^ signifying ** the house of caverns.” Similar caverns occur in 


the same strata, but upon a smaller scale, at Guy’s ClifiT, near Warwick, and at Knares* 


borough in Yorkshire. 
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Mtignenan lirMiione . — Tliis part of the formation is well developed in a continuous 
band, extending from the Tyne southwards through Yorkshire, and descending into the 
counties of Derby and Nottingham. Towards the northern and southern extremities the 
strata rise into a series of round-topped hills ; but the centre sinks to the general level of 
the countiy. The appearance of stratification is very distinct, and several varieties of 
structure occur, — some beds being granular, others imperfectly crystalline, and others 
cellular. In the latter variety, abundant in the county of Durliarn, wliere it bears the 
name of the honeycomb limestone, and answers to the rauwachc of Germany, the cells 
are lined with crystallised carbonate of lime. The rock, as its name imports, is a com- 
pound of the carbonate of lime and the carbonate of magnesia, in various proportions ; 
but calcareous beds are common, in which there is little or no admixture of magnesia with 
the lime. It forms one of our most durable building stones, and has been largely used 
in the construction of some of our finest edifices, us York-minster and Westminsler 
Hall, which have admirably withstood the wear and tear of the atmosphere. It is now 
employed in the erection of the new houses of Parliament^ derived from the Bolsover 
quarries in Derbyshire. An analysis of the stone of York-minster gives — 

Carbonic acid - - - 47*00 I Magnesia - - - - 19*36 

Lime - - - - 33*24 I Iron and clay - - - 0*40 100 

The stone of Westminster Hall contains about 2 per cent, less of magnesia, but the 
proportion is often far greater, amounting to more than 50 jKir cent. Magnesia in minute 
quantities is very extensively distributed ; it occurs more largely in the mountain lime- 
stone, oolites, and chalk ; hut is only found in such abundaiu’c in the limestone of this 
system as to become a characteristic. The two constituents of the rock, the carlionnh^s of 
lime and magnesia, some suppose to have been deposited conteraporan(‘ously ; but Von 
Buch considers the magnesian limestone to be a raetamorphic change of common limestone, 
effected by the disengagement of vapours containing magnesia from jdutonic masses. 
But it has been justly remarked, that, according to this theory, we ought to expect all 
limestones to become magnesian in the neighbourhood of igneous rocks, which is far from 
being the case. 

Gypsum , — This sulphate of lime, one species of which is commonly known under the 
name of alabaster, frequently appears in association with the red marls and sandston(^s 
of the upper part of the system. It occurs in detached nodules of fibrous structure, in 
horizontal seams equally fibrous, varying from one to three inches in thickness, and in 
amorphous granular masses capable of being worked into columns. The red marly 
banks of the Trent exhibit beautifully white and translucent seams of gypsum ; and at 
Chellaston, not far from the borders of the river, it appears in a granular mass, from 
which the beautiful pillars at Kedleston Hall, near Derby, were wrought. Its origin has 
been referred by some to segregation from the surrounding sedimentary matter; hut its 
common connection with rock-salt, wherever the latter mineral is found, is considered 
by others as indicating its formation from the same cause. 

Bock^salt — The mineral, chloride of sodium, is not peculiar to the series of deposits 
under notice, for salt springs occur in the coal-measures, and in strata belonging to the 
modem volcanic period ; and salt is procured from the chalk and oolite systems. Former 
writers, therefore, were too hasty in referring the production of all the saliferous deposits 
upon the face of the globe to the geological era of the new red sandstone. Still, saline 
strata — clear, white cubically crystallised masses of salt, and brine springs issuing from 
such rocks — are so remarkable and frequent in it, as to be justly regarded one of its 
distinguishing features, and hence the common application of the term saliferous to the 
system itself. By far the finest example of rock-salt in Europe, on account of its position 
at the surface, is Cardona, a small town in the interior of Catalonia, sixteen leagues 
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from Barcelona, and seven from the central ridge of the Pyrenean chain. The formation 
in this locality includes the hill on which the town is situated, and the environs to a con-T 
siderable extent, which are diversified by various eminences composed of the mineral, 
but one in particular, called the mountain of red salt, from that colour predominating, is 
most prominent, from its insular character, its great mass, its sharp forms, and the red 
and white hues, the vivacity of which contrasts with the grey and sallow tints of some 
surrounding rocks. It has b(‘en well described by M. Wordier, in the Annales des Mines 
for 1817, and by Count A. Laborde, in his Travels in Spain. ‘‘ The colours,” feays the 
latter, “ vary with the altitude of the sun, and the greater or less quantity of rain. At 
the foot of the mountain a spring of water issues, which comes through a fissure we per- 
ceive on the summit. The rivulet runs all along the valley from the east, but passes 
under ground in part of its course, particularly under the hill where the rock-salt is 
mined ; it rises again to the surface at a little distance, and, after running along the plains, 
discharges itself into the river Cardona. This brook in rainy seasons swells the waters 
of the river, which then become salt, and d<iStroy the fish ; but at three leagues lower, the 
water has no perceptible taste of salt. All the salt mountains arc intersected by crevices 
and chasms, and have also sjmcious grottoes, where are found stalactites of salt, shaped 
like bunches of grapes, and of various colours; — nothing can compare with the magnifi- 
cence of the sj>ectacle w'hich the mountain of Cardona exhibits at sunrise. Besides the 
beautiful forms which it presents, it appears to rise above the river like a mountain of 
jjrecious gems, displaying the various colours produced by the refraction of the solar rays 
through a prism.” 

Saliferous strata occur upon an immense scale in Hungary and Poland, and in Western 
Asia, referable to various geological eras ; but the extensive beds of rock-salt and gypsum 
near Bex in Switzerland, so long considered as a decided example of such rocks occur- 
ring in the more ancient deposits, have been shown by Dr. Buckland to belong to the 
new red sandstone formation. The chief site of the mineral in England is in the marl 
of Cheshire, where, with a few exceptions, it is found in the valleys of the Weaver and 
its tributary streams, in some places manifesting its presence by springs impregnated 
with salt ; in others, being known by mines carried down through the substance of the 
strata. At Northwich the brine springs are very abundant, formed by the penetration 
of spring or rain waters to the upper surface of the rock-salt, in passing over which they 
acquire a degree of strength, modified by various circumstances, in some instances 
approaching to the point of perfect saturation of the brine. Here, also, many mines have 
been sunk for the purpose of working out the fossil salt, which was first discovered in the 
year 1670 in searching for coal. It forms two great strata or beds, lying nearly horizontal, 
but on different levels, the superincumbent being separated from the subjacent stratum by 
several layers of indurated clay or argillaceous stone, irregularly penetrated by veins of 
salt. The upper stratum is found from 28 to 48 yards below the surface of the earth, 
the superior soil consisting of white clay and gypsum, the latter appearing in connection 
with the salt of Hungary, Poland, and Transylvania. This bed, varying in thickness 
fi*om twenty to thirty yards, has a reddish-browm colour, not much unlike sugar-candy, 
and consists of muriate of soda, mixed with a small portion of oxide of iron, which gives 
it its tint. The lower stratum, Avhich has never been entirely perforated, is remarkably 
different from the upper in appearance, consisting of almost pure muriate of soda, generally 
perfectly white and clear as crystal. It is only in this purer bed that mining operations 
are now carried on, about 60,000 tons being annually taken from the pits at Northwich, 
besides not less than 45,000 tons being manufactured from the brine springs. 

The formation of rock-salt and gypsum is in general referred to deposition from the 
^waters of the sea. Dr. Holland, from the appearance of the plain constituting the salt 
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district of Cheshire, supposes that the sea once flowed up the* valley of the Weaver and 
was cut off from it by the growth of a bar, again making its appearance by bursting 
through the barrier, and again the communication ceasing from the same cause. Ho 
conceives, therefore, the two beds of rock>saIt to have arisen from the two salt lakes thus 
successively formed, whose waters were dissipated by the natural process of evaporation, 
and their salt deposited, the intervening and superior strata of indurated clay proceeding 
from earthy sediments in the lakes, deposited after the precipitation of the salt. This 
hypothesis is supported by the phenomena of many salt lakes in the present day, whoso 
waters are lowering through the supply from springs not keeping up with the expendi- 
ture through evaporation, and whose beds consist of layers of salt, deposited by the over- 
charged water. There can be little doubt that this is the principle upon which the 
saliferous deposits have been formed, accelerated in its action by a higher atmospheric 
temperature, and the frequent play of igneous forces, in earlier ages. But the detail of 
the theory in the case of the Cheshire salt deposits is open to the objection, that it 
“ employs data drawn from the present relations of land and sen to elucidate the pheno- 
mena of a period long gone by, and when from unquestionable evidence it is certain that 
their relations were generally very different.” At the same time, it is quite possible, 
that in the district in question these relations may have been much the same then as at 
the present. 

It has been observed, that the new red sandstone system, taken as a w hole, is remark- 
ably deficient in the traces of organic life, though, locally, some of its members, ns the 
muschelkalk of Germany, are rich in fossils. The remains of about 50 species have been 
gathered from the formation in England, and upwards of 200 from the same rocks in 
France and Germany. They consist of marine and a few terrestrial plants, zoophytes 
and conchifera of several species, fishes belonging to genera which occur in the car- 
boniferous system, and reptiles. In the kupfer schiefery copper-slate of Thuringia, 
the remains of reptiles have been found — saurians, or lizards — the earliest instance yet 
noticed of the occurrence of oviparous quadrupeds in the history of our planet, noticed in 
the time of Leibnitz, the reptiles being, according to Cuvier, allied to the living Moni- 
tors. In the year 1834, two species of reptiles were discovered on Durdham-down, 
near Bristol, in strata belonging to the magnesian limestone — the Palroosaurus and The- 


_ ^ codontosaurus. Relics of a very sin- 

■ -I ^ gular reptile of the lizard tribe were 

^ found by Dr. Ward in quarries of the 
/ DOW red sandstone at Grinsill near 

^ Shrewsbury — the Rhynchosaurus — 

— _ — with foot-prints upon the layers of 

Labyrinthodon puchy^nutui. stonc in the quairies, supposcd to have 

been impressed by the animal while walking over the surface of the strata, when in a soft 
state. Parts of the skeletons of Batrachian reptiles, — the Greek name for the frog, — 
but of a gigantic size, have been taken from the sandstones of Guy’s Cliff, near Warwick 
and Leamington, of which the cut exhibits a restoration of one species by Professor Owen. 
The generic name, Labyrinthodon, refers to the labyrinthine inflections of the teeth.. In 
the upper part of the sysUim on the Continent, the remains of reptiles multiply ; and 
here, in the muschelkal^ occur the bones of some large animals of that class — the Pro- 
tosaurus and Phytosaurus. But the most striking peculiarity of the system is the repeated 
occurrence of fossil footsteps, traerks of animals on the sandstone, which afford evidence of 
the existence, at the era of its deposition, of birds belonging to the tribe of Waders, the 
first indications w'e have of that highly organised class of vertebrated animals, as tenants 
bf the globe. Ichnite^ traces or foot-prints, are peculiar to the new red sandstone system, 
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ftn(} appear to have been impressed generally by reptiles and birds. It was long sus- 
pected that such impressions were of organic origin ; but geologists hesitated to admit 
this opinion till the evidence was complete, considering the effects of disintegration or 
aqueous action, by which the softer ports of a rock are worn away before the harder yield. 
We may notice such impressions under two general divisions.' 

lohnolites, foot-prints on stone . the year 1828, Dr, Duncan gave an account, with 
drawings, to the Royal Society of Edinburgh, of the tracks of an animal on new red 
sandstone, in the quarry of Corn Cockle Muir, in Dumfnesshire. The tracks were found 
there in great abundance, on many successive layers of stone, to the depth of forty-five 
feet, or as low as the quarry had been opened. After removing a large slab which 

presented foot-prints, perhaps tlie very next 
stratum, at the distance of a few feet or inches, 
exhibited the same phenomenon. Hence the pro- 
cess by which the impressions were made on the 
sand, and subsequently buried, must have.been re- 
peated at successive intervals. In another quarry 
in similar strata, near the town of Dumfries, the 
same marks were discovered, and in one instance 
a track extended from twenty to thirty feet in 
length. Dr. Buckland refers these impressions to 
land tortoises. In 1834, an account was published 
of some remarkable fossil footsteps in the new red 
sandstone at Hesseburg, near Hildberghausen in 
Saxony. The largest track appears to have been 
made by an animal whose hind foot was eight 
inches long. It has received the name of Chiro- 
theriuniy from Professor Kaup, owing to the re- 
semblance of its impressions to the shape of the 
human hand ; but some of the tracks appear to 
have been made by tortoises, and M. Link suggests, 
that others are to be referred to gigantic batracliians, or frogs and salamanders. Tlie 
annexed cut, shows a few tracks of the Chirotherium on a sandstone slab from Hesseburg. 

In the summer of 1838, a va- 
riety of tracks, inferred to the 
Chirotherium, tortoises, and 
saurian reptiles, were disco- 
vered in the new red sand- 
stone at the quarries of Store- 
ton Hill, in the neighbourhood 
of Liverpool. The largest 
foot-print was nine inches 
long, and six inches broad, 
the length of the step approaching to two feet Professor Hitchcock notices twenty- 
seven species of tracks, occurring in fifteen quarries, along the banks of the Connecticut 
river, some of which he called Sauroidichnites^ from their resemblance to the tracks of 
saurians ; and Mr. Sorope found abundant foot-prints, along with ripple-marks, on layers 
of the forest marble, to the north of Bath. These are conjectured to have been made by 
Crustacea, crawling along the bottom of an estuary, for between the rows of the foot-marks 
the impression of the stomach, or the trail of the tail, is sometimes visible. 

Omithichnites, siony bird tracks . — A communicatioii made to the American Journal 
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of Sdence, in Januaiy, 1836, by Professor Hitchcock, brought before the attention of 
European sarans some very distinct tracks in the red sandstone of the Connecticut 
valley, first observed by Dr. Deane of Greenfield, who immediately noticed their 
similarity to the impressions left on the muddy banks of the river by the living aquatic 
birds common to the locality. Subsequent examinations discovered similar foot-marks in 
several quarries in the same valley, and other parts of Massachusetts, and several 
specimens are now in the British Museum, the most remarkable of which is a slab, eight 
feet by six, which exhibits traces of various sizes, belonging to different individuals. 
Subjoined is a representation of this slab — that which arrested the attention of Dr. 
Deane, at Turner’s Falls, Massachusetts. 



Portion of a sUb of new red Mndttone from Turner*! Fallt. 



All these footmarks are referred to that class 
of birds called Waders ; and while some are 
very small, others are of enormous size, in- 
dicating proportions equal nearly to twice the 
magnitude of the ostrich. In one species, 
Omiihichnites giganteuSy the imprint of the 
foot measures fifteen Inches in length, and ten 
inches in width, excluding the hind claw, 
which is two inches long. The distance of the 
impressions from each other vary from four to 
six feet. The former may be taken as the 
length of the stride of the bird when walking 
at an ordinary pace, and the latter when pro- 
ceeding more swiftly. These dimensions, so far 
surpassing those belonging to any known birds, 
led many geologists to conceive that some mis- 
take had been made respecting the nature of the 
impressions, till convinced by an actual inspec- 
tion of the specimens transmitted to Europe, and 
by the discovery of the bones of the Dinornis, 
fearfully great bird, in New Zealand, an indi- 
vidual much larger than the existing ostrich. 

But a still more remarkable feature of the 
new red sandstone formation is the preserv- 
ation, in connection with foot-prints, of very 
distinct impressions of rain drops upon the 
strata, as represented upon the preceding 
page. Dr. Deane discovered a stratum con- 
taining, in all, more than one hundred marks 
of the feet of four or five species of birds, the 
whole surface having also been pitted with the 
marks of a shower of rain. The same obser- 
vation has been made in the Storeton quarry, 


near Liverpool, where tracks of the Chiro- 
therium are found. ** The under surface of two strata, at the depth of thirty-two or 
thirty-five feet from the top of the quarry, presents a remarkably blistered or watery 
appearance, being densely covered by minute hemispheres of the same substance as the 
sandstone. These projections are casts in relief of indentations in the upper surface of a 
thin subjacent bed of clay, and owing, in Mr. Cunningham’s opinion, to drops of rain.” . The 
impressions are sometimes perfect hemispheres, indicating a vertical fall of rain ; but in 
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other cases they are irregular and elongated in a particular direction, as if tlie drops had 
struck the surface obliquely, indicating a wind accompanying the rain. The same appear- 
ances occur in the formation near Shrewsbury. Professor Hitchcock mentions speciinens 
. of in bis possession, olrtained from variousparts of the United States, which show 

,j|pi^|pi^;l^ie*inarl^ the latter evincing, by a uniform elongation of 

along our ahores in the pn^eent we observe a weU^^n^ ci^of 
^iRsoftstep left in the sand still wet from the retreatii^ t|de^ and inmiiar difttbtct imju^essbits 
[made by the passage of anitnidB «nd bir^ ac^ and by the descent of violent 
of rain upon it. In the same manner it is probable that the tracks which She new red 
sandstone present, were fwmed on the shores of an estuary, or a tidal river, between high 
and low water ^mark -7- then dried and hardened by the action of the sun and air during 
the recession of the waters — the returning waves washing up silt to cover Up the impres- 
sions, the two layers uniting, to exhibit, if ever separated, the one a mould and the other 
a cast from it, of the forms that have been there. The observation 'of like phenomena, 
now, to these unfolded by this geological formation, are of no mean importance and 
interest to mankind, in every condition of society. Many a depredator has been detected 
by the correspondence of his foot to its imprint in the snow or loose earth near the place 
of his crime. The North American Indian finds his enemy by his trail, and can not only 
distinguish between the elk and the buffalo by the marks of their hoofs, but determine 
with great exactness the space of time that has elapsed since the animals have passed. 
In the deserts of Africa the track of the camels proclaims to the Arab whether a heavily 
or lightly laden caravan has crossed the sands. But from the simple imprints presented 
by the sandstone formation, we gather information relating to thousands, nay, tens of 
thousands of years ago — catch a glimpse of the animals that then existed, no vestige of 
whose actual forms remains — and have even the pattering of the shower and the direc- j 
tion of the wind indicated to us. 



Dipterui, (Vom the Old Red Sandstone, described at page 689. 
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HE Strata of the present system arc eminently distinct 
from those of the former, in the composition and colour 
Limritona Ridgoi at Leuctra. of the beds, and in the numerous and unique organisms 
unfolded to our view. We are presented indeed with much the same general 
compounds — argillaceous, arenaceous, and calcareous deposits — clays, sandstone and 
limestone rocks — but they are very readily distinguishable from those of older date 
by their texture and hues. The clays have commonly a deep blue tinge. The sandstones, 
chiefly calcareous, through an admixture of carbonate of lime, have a cream* yellow tint, 
derived from the oxide of iron, in a different state of oxidation to that which the decided 
red of the preceding formation indicates. The limestones are of various shades, hut 
remarkably characterised by a concretionary or shelly structure, which is due to the 
collection of particles of lime by molecular attraction around shells, corals, or grains of 
sand. In order to produce this diverse series of strata, W'e must suppose some great 
change to have transpired in the condition of terrestrial nature, from that during which 
the magnesian rocks, red sandstones, and saliferous marls were deposited. The upheaval 
of these latter formations from the floor of the existing oceanic basins, creating new land 
to be disintegrated, and submerging portions of dry ground, thus forming a coast-line of 
fresh strata, to be abraded by the tides and currents of the sea — this is the physical 
revolution which is suggested. Though we can never know the precise alterations mode 
by the. event, in the relations of laml and sea, yet it renders quite intelligible to us the 
building up of the oolitic rocks beneath the waters of the deep, from the sediments 
introduced to them from the changed terrestrial superficies. But, especially, these 
deposits most strikingly contrast with those of previous origin, by their organic remains, 
those of saurian animals, which in great numbers and gigantic size inhabited the rivers 
and estuaries, and also occupied their banks, during the period of their formation. From 
this circumstance, that interval, embracing a long series of ages, has been styled “ the 
age of reptiles.” 
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The system, as developed in England, presents the following groups, each having its 
subordinate divisions : — 

The Weald beds, blue, laminated clays, with shelly limestone beds, called Sussex or 

Fetworth marbles. 

Wealden The Hastings beds, consisting of sands and sandstones, with alternating clays, shalei^ and 

Group. limestones. 

The Ashbumham beds, which include clays, shales, sandstones, and grey limestones. 

The Purbeck beds, comprising riialra and shelly limestones -—the latter called Purbeck marble. 

' Portland stone, a limestone of concretionary structure ; and Kimmeridge clay, of a blue colour, 
calcareous, with sandy concretions. 

Coral rag, a limestone composed of eorals, with shells and echini ; and Oxford clay, a dark 

Oolite ^ tenacioua day, including beds of calcareous grit 

Combrash, a coarse shelly limestone ; forest marble, saod, with eoncretloiis of arenaceous lime- 
•toot } great oolite^ Bidfa stone, yellow freestone and limestone ; Stonesfield slate } ftiUers* 

, iritk marls and days; poms Umtone, with forruginons and conereiionary 

df diifo«olottfad didsk ii^.mididss a^ beds of 

.Ifotontsd marls, ealesreousb sa^'hnd ferri#iOg» 

Gsnnp. ' >|^j4Bi,atonai^ lamhistsd, with partings of day* 

With telEmpCion of the Wealden group— -n local deposit, lying piiiiQ%«i};f Id Xe^ 
and Sttssea ^ the aystem occupies an extent of country, reaching, in a wavy course and 
almost uninterrupted line, from the north-east coast of Yorkshire, above to the 

cliffs of Lyme Regis, in Dorsetshire. It runs parallel to the new red sandstone, with 
many minute flexures and irregularities, acquires a considerable breadth in Yorkshire, 
narrows to a point before leaving that county towards the confluence of the Humber and 
the Trent, re-appears immediately on the south of the former river, proceeds through the 
midland counties, where it attains its greatest expansion, again contracting and becoming 
exceedingly involved and intricate as it approaches the southern coast. Among the 
principal places included within its range are Newark, Grantham, Leicester, Northampton, 
Banbury, Cheltenham, Oxford, and Bath. On its eastern edge are Lincoln, Peterborough^ 
Huntingdon, and Shaftesbury, and, on its western, Wells and Gloucester. There is a 
remarkably insulated outlying patch of the lias part of the system between Whitchurdi 
and Wem in Shropshire ; another occurs in South Wales ; and several, less considerable 
and not so insulated, appear on its south-western border. Identical rocks are very 
abundant in France, intersecting that kingdom in hands, extending north and south 
from the coast of Normandy to near the borders of the Mediterranean, and from the west 
coast near Rochelle to the hanks of the Rhine. The French and Swiss Jura mountains 
consist of harder limestones of this formation, and hence the title terrain Juramque 
applied to it. The system is developed north of the Alps from the Rhine to Vienna, 
and, on tlie south, many of the beautiful Italian lakes are embosomed in it The 
limestone ridges of Illyria, Dalmatia, Albania, and Greece belong to it ; it appears in the 
range of the Atlas ; and the southern slopes of the Himalaya are argillaceous rocks 
corresponding to the English lias. 

Lim group, — The base of the oolitic system is its most extensive member, and the 
most remarkable iff its organic contents. It consists of thin strata of argillaceous 
limestones associated with clays, forming a thick bed of a blue or white colour. The 
blue lias contains a large proportion of lime, which hardens into a strong cement when 
under wafer, for which reason it was used in the construction of the Eddystone Lighthouse. 

The white variety takes a high polish, and is the stone sometimes employed in lithography. 

The clays of the lias occur in the form of soft shales, impregnated with bitumen and 
iron pyrites. They are susceptible of slow combustion, which bos token place spon- 
taneously when in contact w’ith a sufficient supply of moisture. About the middle of 
the last century the cliffs of lias clay near Lyme in Dorsetshire ignited after heavy 
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rains, and continued burning for a considerable time. This has, more recently,' been 
the case with a hill near Weymouth, composed of bituminous clay with pyrites; and, 
upon a part of the cliff at Whitby falling, so as to become exposed to the action of the 
tide, it took fire spontaneously, and continued to burn for two or three years. The 
external aspect of lias districts in England exhibits plains diversified with low ridges 
and broad river valleys, though it sometimes forms cliffs and steep escarpments, but of 
no great elevation. The term is supposed to be a corruption of the word Aiyers, alluding 
to the unequivocal stratification displayed ; but in the annals of French geology it bears 
also the name of calcaire a grypkee argute, from a deeply incurved bivalve shell which 
abounds in it, and is frequently met with in the English lias. The shells of this 
deposit are very numerous, and present a variety of interesting and beautiful forms^ of 
which the following are examples. 


OrypfaM wreuata. 


Pacten lugdantmiiii. 




Sptrlfer W«)o6t). 


Among the organic remains of the lias we have molluscous animals, Ammonites and 
Bclemnites, of common occurrence, and of various species. 

The large family of Ammonites runs through all the fossiliferous formations, from the 
Silurian to the chalk. With the latter the race became extinct. A notice of the genus 
has been deferred to this place because the number of species is by far the roost abundp 

ant in rocks of the oolitic 

_ system. Of 223 species, 

^ ^ N, according to Phillips, 17 

“ ^ r - ^ , % belong to the oldest fos- 

' siliferous rocks, 7 to the 
' : : carboniferous system, 15 

^ ’ ^ ^ ' to the new red sandstone, 

137 to the oolite, end 47 

* to the chalk. The name 

is derived from a fancied 
resemblance of the shell 
to the sculptured horn on 
the head of J upiter Am- 
mon. The shells are of 
various sizes, from the 
diameter of half an inch 
to that of four feet. Two 
species common to the 
lias, Ammonites Buck» 
landi. Ammonites WaU 
coti, are represented above, 
with one, Ammonites nudosus, belonging to a limestone in France of the new red sand- 
stone era, and another, Ammonites vatians, from the chalk. The Ammonites WaUsoti 


Ammonites BucklantU. 


A. Wnicotl. 




A. Tariaos. 
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fouiid in the lias at Whitby and Lyme Kegis have been met with at a great eleva- 
tion in the maritime Alps, and also at the height of 16,000 feet in the Himalaya 
mountains. These molluscous animals appear to have preyed upon humbler molluscs, 
crustaceans^ and perhaps fishes, thus keeping the races within bounds. They were 
adapted, by the organisation of their shells, equally to float at the surface of the sea and 
to visit its profound depths at pleasure. A thin and light shell, with BU 9 cessive air 
chambers, qualified them for the former purpose, while a general arch-like form, strength- 
ened by a series of ribs or transverse arches, enabled the shell to resist the great pressure 
of the superincumbent water when at the bottom of the sea. This is another of the ten 
thousand instances exhibited by the various departments of nature, of ingenious contriv- 
ance to meet peculiar circumstances, which as clearly demonstrates the existence of a 
wisely-designing First Cause, as the arch of a bridge, or the groined roof of a Gothic 
cathedral, attests the action of an intelligent artificer. Nothing better displays the advan- 
tage of knowledge than the information we now have respecting the economy of ^he 
Ammonites, and the inferences deducible therefrom, contrasted with the views current in 
former ages of these organic remains. They were the lusus naturce of the learned, the 
petrified ram’s horns of the vulgar, and the snakes decapitated and turned into stone, by 
the prayers of St. Hilda, of the superstitious. A similar legend to that of the north of 
England belongs to a locality in the south, which recognises St. Keyna surrounded by 
serpents in a wood at Keynsham, between Bath and Bristol, changing them into head- 
less stones by the fervour of her devotions. 

Belemnites, another extensive extinct family of molluscs, belonging to the same 
division as the Ammonites, termed cephalopodousy from their organs of motion being 
arranged around the head, make their first appearance in England in the lias, and 
prevail through the oolite and chalk, but on the Continent they occur in strata of the 
subjacent system. These fossil bodies are the thunderstones of the populace, for before 
their organic animal origin was suspected, they were supposed to be concretions produced 
by electricity. By the ancients they were called Idtei dactyli or petrified fingers^ from 
being found on Mount Ida, and from their supposed resemblance to those organs ; while 
to the northern nations, whose imagination was of a gloomy cast, they were known 
as the deviVi fingers^ and os spectre candles. The Belemnites, of which thei'e are 
millions of individuals, belonging to between eighty and ninety species, derive their 
scientific name from their similarity to the head of a dart or javelin. They generally 
occur as cylindrical stones, pointed at one extremity, with a cavity at the other end, 
which is either filled up with a chambered shell, or with the material of the stratum in 

' which the fossil has been imbedded. They 

vary from a very small size to 8evera\ inches 
^ in circumference, and nearly a foot in length. 
All example of one species, is here given ; 
but we have only here a subordinate part of the original structure of the animal, 
called the osselet, performing the office oi‘a guard or sheath. Keceiit discovery has proved 
that the ancient Belemnite corresponded to the Sepia, or cuttle-fish, in being furnished 
witli an ink-bag, qjecting the fiuid at ple^ure, as a means of defence against enemies, or by 
way of covering its retreat from them. It is a remarkably curious fact, that a substance 
so easily destroyed as the ink-bag and its contents should have been found perfectly 
preserved in the lias limestone of Lyme Regis. Dr. Buckland infers from this circum- 
stance that the animals must have died suddenly, for their living analogues eject the inky 
fluid upon the least approach of danger. It is very rare to find a specimen complete in 
all its parts, probably owing to the imbedding stratum which is favourable to the preser- 
vation of one portion being unfavourable to that of another. But a few perfect examples 


Bvlomnitct plttlliformii. 
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have been discovered — in one instance, by the Marquis of Northampton, in the oolite 
near Chippenham — which have con^ibuted to unfold the organisation of these interesting 
animals. 

Among radiated animals, or those whose parts are arranged around a common centre, 
several species of asterias^ or star-fishes, a family which began its existence with the 
oldest Silurian deposits, appear in the lias. Examples from the strata in Germany 
have been found, and very perfect specimens occur in our own country, through the dif- 
ferent members of the oolitic system, and in the chalk formation. Echinites^ or sea-urchins, 
belonging to the same division of animated nature, which make their appearance in the 
carboniferous system, begin to be largely developed with the dawn of the oolitic, prevailing 
through the chalk, and presenting a great number of species, now extinct. The echinus 
of the existing seas is an animal of a globular form, covered with a kind of shell or crust, 

generally thin, beset with rows of 
spines, and marked with rows of 
pores, disposed in avenues. It seems 
a star-fish with the rays coalesced and 
united together into a spherical case. 
It has a fiat base, often somewhat 
concave, in which the mouth is always 
situated. The figure rejiresents a fos- 
sil species, cidaris corona or turban 
echinus, found in France and England, 
exhibiting the base and profile, with 
two vaneties of the same genus from the Yorkshire oolite, and a specimen of another class, 
spatangu cor-anguinum, snake-heart echinus, from the Pyrenees. 

The organic remains of the lias include Crustacea, zoophyta, fishes, marine and terrestrial 
plants, but it peculiarly commands attention, on account of the abundant relics of 
saurians, of immense size, which appear to have swarmed in the seas of the liassic period. 
Sir Everard Home was the first who called public notice to the skeletons of these animals, 
publishing an account in the year 1814 of some bones found on the coast, between 
Lyme and Charmouth, in a rock thirty or forty feet above the level of the sea. But 
the remains examined were incomplete, and the nature and habitat of the animal to 
which they belonged baffled all inquiry, until the discovery of more perfect skeletons, and 
the application to them of the great genius of Cuvier, Mr. Conybeare, I)e la Beche, and 
others, unfolded a race of water saurians, which received the name of Ichthyosaurus, or 
fish-lizard, from Mr. Kbnig, of the British Museum. This strange creature, ranging from 
five to more than thirty feet in length, of which ten species are enumerated, had the 
snout of a porpoise, the head of a lizard, the teeth of a crocodile, the vertebnu of a fish, 
the sternum of an ornithorhyncus, and the paddles of a whale, thus uniting in itself a 
combination of mechanical contrivances which are now found distributed among three 
distinct classes of the animal kingdom. “ Persons,” says Dr. Buckland, “ to whom this 
subject may now be presented for the first time, will receive with much surprise, perhaps 
almost with incredulity, such statements as are here advanced. It must be admitted that 
they at first seem much more like the dreams of fiction and romance, than the sober results 
of calm and deliberate investigation ; but to those who will examine the evidence of facts 
upon which our conclusions rest, there can remain no more reasonable doubt of the former 
existence of these strange and curious creatures, in the times and places we assign to 
them, than is felt by the antiquary, who, finding the catacombs of Egypt stored with the 
mummies of men, and apes, and crocodiles, concludes them to be the remains of mam- 
malia arid reptiles, that have formed part of an ancient population on the banks of the 




*122 GEmMj. 

of qinjlifiad it for haUts, lia fooa oemg sOm 

and tfao apeciefl. A tingle paddle of the four with which the animal 

flftntidng more than a hundned hmiet, giving it ipreat ^ticitj and 
yjid «w.bling it to proceed at a rapid rate through , the water, ^e eye w^ 
eooriDOiidy large, the orbital cavity, in one species, being fourteen inches in its Icmgett 
direction. The eye also had a peculiar construction, to make it operate both like a 
teleacope and a microscope, so that the animal could descry its prey by night as well as 
day, and at great depths in the water. This fish-like lizard in some degree answers to 
the words of Milton,— 

« With head uplift above the waves, and eyes 
That sparkling biased, hia other parts besides. 

Prone on the flood, extended long and large, 

I^y floating many a rood, in bulk as huge 
As whom the fables name of monstrous size, 

Titanian. or earth-born, that warred on Jove. 

Briarchus, or Typhon, whom the den 
By ancient Tarsus held, or that sea beast 
Leviathan, which God of all his works 
Created hugest that swam the ocean stream.** 

The ichthyosaurus was an air-breathing, cold-blooded, and carnivorous inhabitant of 
the ocean, probably haunting principally its creeks and estuaries, fitted by its formidable 
jaws and teeth, its rapid motion and power of vision, to be the scourge and tyrant of the 
existing seas of its era, keeping the multiplication of the species of other animals within 
proper limits. Though essentially marine, and admirably adapted by its organisation to 
cut the waves, certain peculiarities of structure have induced the opinion that the anterior 
I paddles might be subservient to locomotion not only in the water, but on land. Professor 
Owen thinks it very conceivable that the ichthyosauri, like the existing crocodiles, may 
have come ashore to sleep, or resorted thither to deposit their eggs, supposing them to 
Imve been oviparous, as the sum of the analogies deducible from their osseous texture 
would indicate. The remains of these animals are found through the oolite, and in the 
lower beds of the chalk, but the lias is especially their sepulchre. They occur in great 
abundance in ‘England, at Barrow-on- Soar, in Leicestershire, in the valley of the Avon, 
between Bath and Bristol, and on the const of Dorsetshire, where the cliflTs appear to be 
inexhaustible quarries of them. 

Another marine reptile appears in the lias, which received its name of Plesiosaurus, 
from Mr. Conybeare, signifying akin to the lizard, from its more closely resembling 
animals of this genus than fishes, especially in the character of the vertebrae. A similar 
remarkable combination of forms appears in this animal to that which distinguishes its 
preceding congener, the head of a lizard, the teeth of a crocodile, a neck resembling the 
body of a serpent, the trunk and tail of an ordinary quadruped, the ribs of a chameleon, 
and the paddles of a whale. Its most striking feature is the great length of the neck, 
which has from 30 to 40 vertebrae, a larger number than in any other known animal, 
those of living reptiles varying from 3 to 6, and those of birds from 9 to 23. It has been 
therefore correctly compared to a serpent, threaded through the body of a turtle. “ That 
it was aquatic,” remarks Mr. Conybeare, ** is evident from the form of its paddles ; that it 
was marine is almost equally so, from the remains with which it is universally associated ; 
that it may have occasionally visited the shore, the resemblance of its extremities to those 
of the turtle may lead us to conjecture ; its motion, however, must have been very 
awkward on land ; its long neck must have im{)eded its progress through tl.e water, 
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pMenthif A stflking coatTABt to the orgiwisAtioxi of the ichthyosaurus, which so admirably 
fitted it im that ptirpoae. May it not thmfm be' concluded (since, in addition to these 
circumstances, its respiration must haVe required Sequent access of air) that it swam 
upqn or near the surface, arching back its long neck like the swan, and occasionally 
liaising it down at the fish which happened to float within its reach ? It may perhaps 
have larked in shoal water along the coast, concealed among the sea-weed, and raising 
its nostrils to the surface from a considerable depth, may have found a secure retreat from 
the assaults of dangerous enemies ; while the length and flexibility of its nedt may have ' 
compensated for the want of strength in its jaws, and its incapacily for swift motion 
through the water, by the suddenness and agility of the attack which they enabled it to 
make on every animal fitted for its prey.'* These remarks are in harmony with the 
appearance of the animal, which is far less formidable than that of the ichthyosaurus, 
more adapted to occupy the tranquil waters of sheltered creeks and bays, than to brave 
the rough breakers of the deep, with which its congener might contend. Tlic first almost 
entire skeleton of plesiosaurus was obtained in January 1824, from the cliffs of Dorset, 
by Miss Mary Anning ; and soon afterwards Cuvier demonstrated its existence on the 
opposite side of the Channel, from an examination of some vertebr® and other bones 
which had been collected at Honfleur, near the mouth of the Seine. Subsequently sixteen 
species have been established, ranging from the lias to the chalk. From the connected 
and almost perfect state of the skeletons of ichthyosauri and plesiosauri, as if prepared 
by an anatomist, these animals appear to have been suddenly destroyed and immediately 
imbedded ; a circumstance which we have had occasion to remark, from the condition of 
other organic remains. 

In addition to these animals of the liassic period, marine, fresh-water, and terrestrial 
tortoises flourished, with crocodilians of extinct species, but approaching in structure to 
the existing gavial of the Ganges, and the pterodactyle, or wing-fingered reptile, perhaps 
the most singular and monstrous creature of the ancient world, the type of winch appears 
in no living genus. Naturalists pored over its remains, and were unable to refer it to its 
true place in the animal kingdom, some pronouncing it a bird, others a reptile, and others a 
hat, till Cuvier took its skeleton in hand. “ Behold,” he observes, “ an animal, which, in 
its osteology, from its teeth to the end of its claws, offers all the characters of the saurians ; 
nor can we doubt that those characters existed in its integuments and soft parts — in its 
scales, its circulation, its generative organs. But it was, at the same time, an animal 
provided with the means of flight, which, when stationary, could not have made much 
use of its anterior extremities, even, if it did not keep them always folded as birds keep 
their wings ; which, nevertheless, might use its small anterior fingers to suspend itself 
from the branches of trees, but when at rest must have been ordinarily on its hind feet, 
like the birds, again ; and also, like tliem, must have carried its neck sub-erect, ami 
curved backwards, so that its enormous head sliould not interrupt its equilibrium.” Pte- 
rodactyles had the head and neck of a bird, the mouth and teeth of a reptile, the wings 
of a bat, the body and tail of a mammifer. Their eyes were enormously large, so that 
they could seek their prey in the night. They could not only fly, but Dr. Buckland 
supposes that, like the existing vampire-hat, they had the power of swimming. 
“ Thus,” says he, “like Milton's fiend, all-qualified for all services, and all elements, the 
Pterodactyle was a fit companion for the kindred reptiles that swarmed in the seas, or 
crawled on the shores of a turbulent planet : — 

“ The Fiend, 

OVr bog, or steep, through strait, rough, dense, or rare, 

With head, hands, wings, or feet pursues his way, 

And swims, or sinks, or wades, or creeps, nr flics.” 
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_ _ Cuvier, in his great work, pro- 

r| Bounces these flying reptiles the 

most extraordinary of all the 
. . " . ^ “ ^ , 1j|, beings whose ancient existence 

. ' - is revealed to us ; and those 

/• ' ' - I which, if alive, would seem most 

' I at variance with living forms. 

‘ ^ ' '] Eight species have been deter- 

^ ^ mined, from the size of a snipe 
^ to that of a cormorant, occurring 
/ in the lias of Lyme Regis, the 

/ " oolite of Stonesfield, the grit of 

- ^ the Wealden, and on the continent 

^ . jT ^ at Pappenheim and Solenhofen. 

. - ’ ,-4 — The annexed cut exhibits the 

chief reptiles of the liassic age, 
>■ — rl_ the ichthyosaurus and plesio- 

*■ ------ p.. saurus, the latter in the act of 

K..«t»r«tiou* of Saurmnn and other Animal, of the Lla.. Catclling a ptcrodactylc. 

Oolitic Group . — The series of rocks which pass under this denomination have small 
globules imbedded in them, resembling minute eggs or the roe of a fish, and hence the 
generic name — roestone or oolite, the latter term being a compound of the Greek wov, an 
egg, and Xtfloc, a stone. But this structure does not prevail through the entire formation, 
nor is it exclusively confined to it, though sufficiently prominent to become character- 
istic. Upon microscopic examination, the egg-like grains of these rocks are found to 
consist either entirely of lime, or of calcareous accretions around some organic substance 
as a nucleus, generally the fragment of a coral or a shell. The group comprehends, 
beside the proper oolites, various alternating clays, sandstones, marls, and limestones, and 
may be subdivided as follows : — 


ItcRtoratiuuM of Saiirinn. niid other Animat, of tiie Lia.. 


Upper. 

Portland stone. 
Kimmeridge clay. 


Middle. Lower. 

Coral rag. Cornbrash and forest marble. Fuller's earth- 

Oxford clay. Great oolite and Stonesfield slate. Inferior oolite. 


The rogenstein or roestone of the Germans, the terrain jurassique of the French, consti- 
I tuting the great mass of the Jura Mountains, and various other continental deposits, 
answer to the members of the series as developed in England. The oolitic group is 
remarkable for the vast amount of calcareous matter which it contains, for its limestones 
extensively employed in architecture, and for the great number and variety of its organic 
remains. The strata have variously a brown, light yellow, or grey tinge, derived from 
the oxide of iron, according to the proportion in which it has been dispersed through 
the mass. 

In the lower division of the group we have six members enumerated. The cornbrash 
is a thin bed of coarse loose limestone, so called in Wiltshire, probably from the facility 
with which the superincumbent red soil yields to the plough. The forest marble is a 
fissile arenaceous limestone, frequently a congeries of dark-coloured shells, capable of 
being polished, and hence occasionally worked as a marble, deriving its name from that 
circumstance, and from its occurrence in Whichwood Forest, Oxfordshire, appearing also 
in other localities. The great oolite, the most important member of the whole series for 
thickness and utility, is a stratified calcareous mass, furnishing an excellent freestone, the 
material of St. Paul’s Cathedral, which was quarried near Burford, in Oxfordshire. It 
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appears conspicuouslj in the Cotteswold Hills in Gloucestershire, in the beautiful hills 
near Bath, and is represented in the north of France by the well-known Caen stone of 
Normandy. In the neighbourhood of Bath the great oolite, or Bath stone, is accompanied 
with thick layers oi fuller's earthy a soft aluminous marl, composed of silica, alumina, and 
24 per cent, of water. This soil is remarkable for its property of absorbing oily matter, 
and was once largely employed in the woollen manufacture for cleansing woollen cloth 
from its impurities, but it is now generally superseded by the use of soap. The Stones- 
field slatey celebrated for its organic remains, is a calcareous slaty rock, which has long 
been quarried at the village of that name, near the town of Woodstock. The inferior 
oolitey a coarse limestone, with ferruginous sand and sandstone, is distinguished from the 
great oolite by its less economic value and darker hue, derived from the greater quantity 
of oxide of iron disseminated through the mass. Dundry Hill, near Bristol, is an inter- 
esting outlier of inferior oolite resting on a bed of lias, in the quarries of which many 
remains of marine Crustacea have been found. 

Among the preceding members of the lower division of the oolitic rocks, the Stonesfield 
slate, in Oxfordshire, is of singular interest, on account of its numerous and varied fossils. 
The village is situated in a valley, the hill-sides of which have been perforated with hori- 
zontal galleries to obtain the slate, which divides into thin plates on exposure to frost, 
and is used for roofing. Here occur vegetable remains, consisting of drifted fragments of 
coniferous wood, leaves and fruits of cycadece, marine plants referable to fuci, associated 
with shells, the relics of fishes, birds, and insects, the bones of reptiles and mammalia, the 
latter, the first instance of mammalian relics that occurs in the history of the globe, and 
the only instance that has yet been discovered in rocks of older date than the tertiary 
strata. Among the animal exuvice, Dr. Buckland found those which enabled him to 
establish a new genus of reptiles, described under the name of megalosaurus, a lizard of 
great size, as the name imports, allied to the living monitor, a species of lizard which has 
been thus styled from the groundless supposition that it gives warning of the approach of 
the crocodile by a hissing noise. The remains of this reptile have also been met with in 
the oolite near Besan 9 on, in France. Though no entire skeleton has been discovered, yet, 
from the perfect state of many of the bones and teeth, their size and proportions, the 
naturalist can approximate closely to the form and dimensions of the animal. It was 
asserted by Cuvier of another reptile, that before even he had seen a single vertebra or 
a bone of its extremities, he was able to announce the character of the entire skeleton, 
from an examination of the jaws and teeth alone, or from a single toqth ; a result, as 
Dr. Buckland observes, of those magnificent laws of co-existence, which fonn the basis of 
the science of comparative anatomy, and which give the highest interest to its discoveries. 
According to Cuvier, the megalosaurus must have measured from forty to fifty feet in 
length. This enormous reptile was carnivorous. In the structure of its teeth are 
combined the knife, the saw, and the sabre. Its food probably consisted of crocodiles and 
tortoises. The thigh and leg bones are not solid throughout, like those of aquatic quad- 
rupeds, but hollow at the centre for the reception of medullary substance, like the bones 
of terrestrial animals, and from hence it is inferred that the megalosaurus was an inhabit- 
ant of the land. Its remains are not peculiar to the oolite, but occur in the strata of the 
Weald. 

But the most interesting animal reliquiae of the Stonesfield slate are several mutilated 
lower jaws with teeth, belonging to marsupial mammalia, quadrupeds that carry their 
young in a pouch (marsupium), as the existing kangaroo. The figure is a specimen double 
the natural siae, with seven molar teeth, one canine, and three incisors. This jaw, that 
of a very small animal, upon being submitted to Cuvier, was pronounced to be that of a 

marsupial quadruped allied to the opossum, a decision which has been ratified by several 
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naturalists from the inspection of other remains. It has been called Phascolotherium 
Bucklandi, signifying ancient phoHcolomiSy from the affinity of the fossil animal to the 

wombat of New South Wales. The dis* 
covery of these marsupial relics in the 
Stonesdeld slate is a proof, as Dr. Buck- 
land observes, that this order, instead of 
being, as was once supposed, of more re- 
cent introduction than other orders of 
mammalia, is in reality the first and 
, , , . most ancient condition under which ani- 

Jaw of the Phaecolotherlum. , « , . , 

mals of this class appeared upon our 
planet. According to the data at present obtained, it was the only type of 
mammalian organisation before the tertiary era; and once existed in Europe at a 
high northern latitude, though now restricted to the tropical parts of North and South 
America, to New Holland, and the adjacent islands. At Solenhofen, in Germany, in 
strata corresponding with the Stonesfield slate, similar organic remains are found. 

The middle division of the oolite includes the Oxford c/ay and the coral rag* The 
former, a dark: blue tenacious clay, has underlying subordinate beds of limestone, called 
Kelloway rock, from being exposed near Kelloway Bridge, in Wiltshire. The clay 
extends over a considerable portion of France, including the Jura, into Germany; and 
in England it ranges along the valley of the Isis in Oxfordshire, the Ouse in Hunting- 
donshire, and the Witham in Lincolnshire. In the latter locality, where it is known as 
the fen clay, it has a considerable expansion and great thickness ; for in sinking for water 
at Boston the stratum has been penetrated to the extent of 478 feet, at which depth a 
thin bed of stone) perhaps the Kelloway rock, was met with. Shells are numerous 
through this formation, and bones of the ichthyosaurus occur, though rarely, and of a 
different species from those found in the lias. The coral rag, the groupe coralien of 
French authors, is a limestone composed chiefly of corals in certain situations, as its 
name indicates ; but besides this the formation includes subjacent beds of sand or grit- 
stone, resting on the Oxford clay, and a calcareous freestone overlying the coral rag. 
This freestone, largely composed of the comminuted fragments of shells, is the material of 
many of the noble buildings of Oxford, whose appearance now attests its easy destruc- 
tibility, being liable to scale off in large flakes after a few years’ exposure to the weather. 
Vertebras of the ichthyosaurus, several beautiful echinites, and various shells, such as 
astarte elegans, occur in this part of the oolitic series. 

The upper division of the oolite includes the Kimmeridge clay and Portland stone* 
The former, a stratum lying over the superior beds of the coral rag, 
varies in its composition from a greyish tenacious soil containing 
selenite, covered with oak-woods, in Wiltshire, where it is called 
the oak-tree clay, to highly bituminous shales, which are burnt 
for fuel, near Kimmeridge, on the coast of Dorsetshire, which gives 
its name to the whole deposit The remains of crocodilians have 
been found in the Kimmeridge clay of Honfieur in France, and 
that of Oxfordshire has yielded the jaws, teeth, vertebne, and 
bones of the extremities, of a lai^e marine reptile allied to the 
plesiosaurus, described and named by Professor Owen the plio- 
saurus. The Portland stone consists of a series of beds of cal- 
careous and siliceous freestone, of no great thickness or extent, being chiefly con- 
fined to the county of Dorset, but highly valuable for architectural purposes, having 
yielded the material of Somerset House, and of many of the public edifices ef the 
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metropolis. The isle of Portland, where this stone is obtained chiefly, is, properly 
speaking, a bold promontory off Weymouth, about four miles and a lialf in length, and 
two in breadth. Its base consists of Kimmeridge clay and the series of building-stone, 
upon which the remarkable dirt-bed ” presents itself. This is a bed of black mould 
dark argillaceous mud, in which there exist large erect stumps of cycadese, or tropical 
trees, which must have grown on the spot where the stumps now stand, broken as if by a 
hurricane. The following conclusions respecting alternate elevations and subsidences of 
the strata in this district seem to be fairly inferrible from the position of these vegetable 
remains: — 1. The oolitic limestone, or Portland stone, a marine formation beneath the 
dirt-bed, was deposited at the bottom of the ocean. 2. This formation rose, either 
gradually or violently, till it reached the surface of the sea, and became dry land for a 
time long enough to allow of the accumulation of the black mould, and the growth of the 
trees. 3. The surface was afterwards submerged beneath the waters of a river or a 
fresh-water lake, as the superjacent strata are of fresh-water formation. 4. The whole 
has subsequently been elevated into the position now occupied by the strata in the hills 
of Dorset. However at variance with the present comparatively quiescent state of the 
earth these great geological changes may seem, we are compelled to have recourse to 
them to explain the phenomena ; but supposing them to have gradually transpired, the 
discordance vanishes, for precisely parallel examples of elevation and subsidence have 
marked the operations of nature during the brief history of mankind. 

In stating the range of the oolitic system in England, including the lias, it has been 
described as extending in an almost uninterrupted band from the coast of Dorsetshire, 
through the midland and eastern districts of the kingdom, to the sea-coast of Yorkshire 
above Whitby ; and though the subordinate divisions of the oolite are identified by local 
names chiefly with southern districts, they must not be supposed to be confined to them. 
Thus the great oolite, or Bath stone, is a formation prominent about Northampton and 
Stamford, where it is quarried, and extends continuously into Yorkshire, though there it 
is covered by the chalk. The coralline oolite is exposed between Scarborough and 
Malton, and at the latter place it becomes likewise concealed by the chalk. I'he Oxford 
clay also is met with to the north of Lincoln ; the Portland stone appears in the Vale of 
Aylesbury, and the Kimmeridge clay fills the Vale of Pickering, watered by the York- 
shire Derwent. An intelligent observer of the oolitic formations of the north, Dr. Young 

of Whitby, remarks upon the numerous vertical fissures which occur in the strata 

serving as conduits for the waters which descend upon the superficies. Most of the rain 
that falls on the hills around the Vale of Pickering is immediately absorbed by the light 
soil that covers them, and sinking into the fissures, it runs through the hills in subter- 
ranean streams, which at length burst out at the foot of them in copious springs, some- 
times in actual torrents. Hence these hills are remarkably dry. A spring is seldom 
found in any elevated situation, and wells there require to be dug to an immense depth to 
find water. Hence, also, as all the springs break out at the base of the hills, where they 
descend into the Vale of Pickering, a chain of towns and villages skirts their foot, built 
at these springs for the sake of their copious waters. Another common phenomenon of 
the district is also explained by these clefts in the rocks. The fissured hills not only 
absorb their own waters, but swallow up the rivers and streams which pass through their 
intervals frpm the country beyond them ; for these currents sink into the fissures, and 
flow under ground, till they disembogue in the low Pickering Valley, wher.e they burst up 
again as new springs. Yet still a channel rentes above ground also, to convey the sur- 
plus waters, which the subterranean course, in some parts of tlie year, is incapable of 
admitting. Dr. Young notices several examples of this subsidence and reappearance of 
streams in the neighbourhood. 
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IFeaidE0iiC7nM|fik*^31ied6po(^ imder tiiti xiame, geiiera%«i0CK^^ 
bj Britisli gecdogista^ ocoar principallj in the weaklB nr wdlde of Kent ahd Snssez^ a 
tract oorered with extensive forests in former times, and hence so denominated from 
the Saxon a wood. Caxton, the first Ikiglish printer, in the first bode ever 
printed htthe native language, remarks, that he was <*bom and learned mine Englidi 
in Kent in the weald,** a district now rich com land and pasture, traversed hj a railroad* 
which he describes as then ** a desert and* waste wilderness, stored and stuffed with 
herds of deer and droves of hogs.*! The country in question is bounded by the chalk 
hills of the North and South Downs, with the green sand of that formation at their base, 
and by the sea for some miles on each side of Hastings. Its greatest extent is nearly 
sixty miles from east to west, and about twenty miles from north to south ; but analogous 
accumulations to those of the weald appear on the opposite coast of France, near Boulc^ne 
and Beauvais, and detached portions occur as outliers in the peninsulas of Purbeck and 
Portland, and in the Isle of Wight. 

The Wealden formation consists of ferruginous sands and sandstones, which extend 
from Hastings to Tonbridge on the north, and to Horsham on the west. Beyond this 
area a zone of blue or brown tenacious clay appears at the surface, sometimes indurated 
and slaty. This zone is the most important member of the group, for it not only circles 
round the central deposit, but underlies it, and crops out in the lofty cliffs on the coast. 
The central region, or nucleus of the weald, is elevated, Crowborough beacon attaining 
the height of more than 800 feet but the surrounding clay constitutes a flat track, having 
an average breadth of about five miles. Thin beds of limestone occur in the clay, 
separated by argillaceous seams, almost wholly composed of paludinse, the shells of a 
species of snail, held together by crystallised carbonate of lime. This limestone, when 
polished, forms the well-known Sussex marble so extensively employed by the archi- 
tects of the middle ages for decorative purposes. The columns, pavements, and monu- 
ments in our cathedrals and ancient churches are often composed of it, or of the 
Purbeck marble, a limestone of the same age and group, but an aggregation of a smaller 
species of the same shells. A row of columns in Chichester cathedral, and those of the 
Temple church in London, the tomb of Queen Eleanor in Westminster Abbey, and 
the throne of the Archbishop in Canterbury Cathedral, are constructed of this material ; 
—the fragile shells of humble snails ; once familiar with slime and mud ; which have 
been petrified and agglutinated into an enduring limestone by the mysterious chemistry 
of nature, and subsequently converted into polished marble by the art of man I But its 
use in architecture appears to go back to the era of Roman domination in Britain. *In 
the year 1723 a slab of grey Sussex marble was dug up at Chichester, bearing an 
inscription recording the dedication of a temple : — “ The college, or company of arti- 
ficers, and they who preside over sacred rites, or hold offices there, by the authority of 
King Cogidubnus, the legate of Tiberius Claudius Augustus, in Britain, dedicated 
this temple to Neptune and Minerva, for the welfare of the imperial family ; Pudens, 
the son of Pudentinus, having given the site.** This interesting relic of the olden time 
is now in the grounds of the Duke of Richmond at Goodwood. 

There are no deposits of greater interest than those of the weald, on account of the 
striking forms of organic life unfolded by them, and the remarkable changes Aey pro- 
claim to have occurred in this locality. The chalk in the hills of the North and South 
Downs has been mentioned as forming its general boundary, except where it is open to 
the sea ; and as the wealden beds emerge from beneath the surrounding chalk, the pro- 
bability is, that it was once continuous over them, and has been swept away from the 
enclosed area by some great denudation. However this may be, it is certain that while 
the chalk, under which the wealden strata dip, and the upper beds of oolite upon which 



THE oouno SYSTEM. 


m 

tbsj resfei Ere rntrine ^ormalions. the Hmestone, sandstone, and clay of the weald itself are 
of fresh-water origin. This interesting fact was first established by the indefat^ble 
researdies of Dr. Mantril in the district, and is clearly demonstrated by the character of 
the organic remains. There are no soophyta, no cephalopoda, but an abundance of fresh- 
water shells, various land-plants, and relics of terrestrial animals. The palinudce of the 
Sussex and Purbeck marbles are the shells of river snails. The fact that none of the 
usual treasures of the deep appear in the wealden, which proclaim the marine origin of 
the chalk and other formations, but that its fossils belong to the river or to the land, is 
decisive against its being an oceanic deposit ; and from the appearance presented by its 
animal and vegetable remains of having been drifted from a considerable distance, Dr. 
Mantell arrived at the conclusion, that in this locality some departed Orinoco once rolled 
its waters, laden with the spoils of the lands it had traversed, like the tropical rivers of 
the present epoch, and that here its course terminated at the sea in an estuary, at the 
bottom of which the wealden beds were deposited. This conclusion, the evidence of 
which has been carefully examined, is universally received, and it points to the following 
cycle of change, expressed by Mr. Bakewell : — “The marine beds (upper oolite) on 
which the Wealden rest, must, at a remote period, have been raised a considerable height 
above the ocean, and become dry land, having extensive rivers, lakes, or estuaries, filled 
with fresh- water, in which the Wealden beds were deposited. Again, at a subsequent 
period, the whole must have sunk deep beneath the surface of the sea, and been covered 
with a deposition of chalk, a thousand feet or more in thickness. At a more recent 
epoch, the chalk, with the subjacent beds of Wealden, were raised to their present eleva- 
tion above the neighbouring sea.” 

The vegetable remains found imbedded in this district consist of petrified trunks allied 
to the palms, arborescent ferns, and gigantic reeds of tropical climates. Among the 
animal relics, there are those of birds, turtles, crocodiles resembling the existing gavial, 

the plesiosaurus, pterodactyle, and 
megalosaurus, which have been al- 
ready noticed, the iguanadon and 
hyla308aurus, new and gigantic spe- 
cies of the lizard family. 

Iguanadon . — This animal, the lar- 
gest of the reptiles of a former world, 
has received its name from its struc- 
ture approaching to that of the living 
iguana, especially as it respects the 
teeth. The existing iguana, of which 
the cut is a representation of one 
species, is an inhabitant of Mexico, 
the Antilles, and South America, feed- 
ing on vegetables, living principally in trees, but taking to the water and swimming 
with facility. A fringe of cartilaginous spines extends along the back from the neck to 
the tail, and a small conical horn 'appears on the head. The size of the animal seldom 
exceeds the length of five feet, and hideous as is its appearance, some of the species 
are considered very delicate food. The fossil prototype of this reptile resembled it in 
the construction of the teeth, in possessing a nasal horn, and in being herbivorous, 
but its dimensions were enormous, realising all that has ever been reported respecting 
the dragons of fable. The thigh-bone exceeded in bulk that of the largest elephant, and 
upon good grounds has been estimated at from four to five feet in length. CarefuUy 
comparing the bones of the iguanadon with those of the iguana, and taking an average 
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from eight sepankte parts of the respective skeletons, Dr. Mantell gave the following 
as^edirneastomof^eformer: — 

XirogdiS^ thefiiouttotheextrem^^^ - - - 70 ft, 

• - - - - - - - 521 

body - - • •• - .141 

these proportions have been much rednced bj Professor Owen, we may still pro- 
aibimce this reptile, with Cuvier, one of the most extraordinaiy animals yet ^scovc^red. 
A considerable portion of a skeleton found in 1834 in the quarries of KenUsh Rag, near. 
Maidstone, shows the animal to have flourished in the dawn of the chalk formation. 

Hylmo$auTtt$*- —The first relic of this animal, termed the forest-lizard, was discovered 
by Dr. Mantell in the summer of 1832, in a quarry of Tilgate Forest, a part of the 
weald. Other specimens were met with in the same district in 1837, consisting of a 
series of twenty-six vertebrae, having a total length of six feet, with dermal bones, or 
thick scales and spines. This lizard is computed to have been about twenty-five feet 
long, and resembled the living iguana in the fringe of spines along the back. 

It has often been said that truth is stranger than fiction, and we have a forcible illustra- 
tion of the statement in the facts disclosed by the wealds of Kent and Sussex, a district 
through which the steam-engine now rushes with its train of passengers; by ancient 
towns, and quiet villages, and grazing flocks, but in by-gone ages the estuary of a river 
proceeding from a country occupied by giant reptiles, and clothed with a vegetation 
answering to the luxuriance of our tropics. The estuary, the river, and the country 
have vanished, but we have the memorials of their existence in the strata occupying the 
site, in the organic remains collected from them laid up in the cabinet of the natural 
philosopher, and in the fresh-water shelly limestone columns of our cathedrals; and 
some idea may be formed of the probable condition of the country through which the 
waters flowed, which deposited the wealden group, and of its animal and vegetable pro- 
ductions. “ Whether,” says Dr. Mantell, in his “ Illustrations of the Geology of Sussex,” 
“ it were a continent or an island, may not be determined ; but that it was diversified by 
hill and valley, and enjoyed a climate of a higher temperature than any part of modern 
Europe, is more than probable. Several kinds of ferns appear to have constituted the 
immediate vegetable clothing of the soil ; the elegant Hymenopteris psilotoidcs, which 
probably never attained a greater height than three or four feet, and the beautiful Secop- 
teris reticulata^ of still lesser growth, being abundant every where. It is easy to con- 
ceive what would be the appearance of the valleys and plains covered with these plants, 
from that presented by modern tracts, where the common ferns so generally prevail. 
But the loftier vegetables were so entirely distinct from any that are now known to exist 
in European countries, that we seek in vain for any thing at all analogous without the 
tropics. The forests of Clathrarice and Endogenita (the plants of wliich, like some of 
the recent arborescent ferns, probably attained a height of thirty or forty feet,) must 
have borne a much greater resemblance to those of tropical regions, than to any that 
now occur in temperate climates ; — if we attempt to portray the animals of this ancient 
country, our description will possess more of the character of a romance, than of a legiti- 
mate deduction from established facts. Turtles of various kinds must have been seen on 
the banks of its rivers or lakes, and groups of enormous crocodiles basking in the fens 
and shallows* The gigantic megalosaurus, and yet more gigantic iguanadon, to whom 
the groves of palms and arborescent ferns would be mere beds of reeds, must have been 
of such prodigious magnitude, that the existing animal creation presents us with no fit 
objects of comparison. Imagine an animal of the lizard tribe, three or four times as 
large as the largest orooodile, having jaws, with teeth equal in siae to the incisors of the 
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rhinoceros, and crested with horns, — such a creature must have been the Iguanadon! 
Nor were the inhabitants of the waters much less wonderful ; witness the Plesiosaurus, 
which only required wings to be a flying dragon” The name of Mantell will ever be 
associated with the Wealden beds, as that of Cuvier is with the Paris basin, Murchison 
with Silurian strata* and Lyell with the Tertiary deposits. « 


CHAPTER IX. 


CRETACEOUS SYSTEM. 



HE scheme of deposits included in this 
system* ranging from a thousand to twelve 
hundred feet in thickness, receives its name 
from the common mineral, chalk (creta\ the 
most prominent member of the group. This 
is one of the best known and clearly deflned 
formations of the globe, resting upon wealden 
strata in Kent and Sussex, upon oolitic 
rocks in other places, and, where these are 
wanting, upon the lias. In England, the 
cretaceous system extends over a consider- 
able part of the south-eastern and eastern 
counties, overlooks the waters of the Chan- 
nel at Brighton, and the Grerman Ocean at 
Flamborough Head in Yorkshire, though it 
is not continuous through the interval be- 


tween these two points. From the letter headland, it travels inland in a large curve to the 
Humber, reappears on the Lincolnshire side of the river, and proceeds in a straight broad 
band to Spilsby, where its course is interrupted. South of the estuary of the Wash, it oc- 
curs in a detached curved tract in Norfolk. At Thetford, in that county, the chalk becomes 


continuous, from thence ranging southward through the counties of Cambridge, Bedford, 
Oxford, and Wilts, to the sea in Dorset, and, proceeding eastward from Wiltshire through 


the south-eastern counties, it extends to the coast of Kent at Dover. 'I'he cretaceous 
system makes no appearance in Wales or Scotland, but it occurs in the north of Ireland. 
On the continent, it is largely developed in France, l>ordering the Channel from Boulogne 
to Havre, and surrounding in a broad ring the tertiary basin of Paris. The members of 
the formation appear in various parts of Germany, in the Alps, the Carpathians, and 
Pyrenees. In North America, it is supposed to occur abundantly on the Missouri to the 
foot of the Rocky Mountains. But in Ireland, the chalk occurs under circumstances which 
nowhere belong to it in England, for there, in the county of Antrim, it has been broken 
through and overlain, by that magnificent outburst of l^salt which built up the Giants* 
Causeway. Here, the metamorphic change induced by the action of intense heat is mani- 
fest, in the conversion of the chalk into a crystalline marble, while the lias has been 
changed into a kind of flinty slate, and the coal shales and red san4st«Mi6 have been 
variously hardened. In some foreign localities cretaceous strata have likewise been 
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invaded by igneous rocks, at Weinbohla on the Danube, and in the Pyrenees, by 
granitic varieties. 

The members of the cretaceous system, and the order of succession in the strata, are as 
follows I — 

{ Uppervhalk — a white and soft mass, with chert nodules lU regular intervals, and layers of 
flints. 

Lower chalk — a harder and variously tinted mass, either without or with fewer flints. 
Gault Chalk marl — highly calcareous, bluish, laminated beds of clay. 

Upper green sand — a mass of sands, occasionally indurated to chalky or cherty sandstone, 
of green, grey, or white colour, with nodules of chert 
Green sand • hluish marly clay, with green grains, Tetsworth clay, Folkestone clay. 

Lower green sand — a considerable mass of green or ferruginous sands, with layers of 
chert local beds of gault, rocks of cherty or chalky limestone, and deposits of ochre and 
fuller's earth. 

This is a detail of the system as it occurs in the south of England. In other cretaceous 
localities some of the preceding beds are wanting. The north of England has no upper 
green sand, Yorkshire none of the lower, which is largely developed in Lincolnshire. 
The Carpathian Mountains have no chalk, but green sand in abundance ; and this is the 
ease also with the Alps. 

Crreen »and . — This deposit, the base of the cretaceous system, divided into upper and 
lower beds, separated by a seam of soft blue clay, derives its name from its arenaceous 
composition and green hues, though yellow tints are frequently eadiibited. The sand 
presents various degrees of fineness, and is employed as a manure in some parts of the 
United States with considerable success. The colouring matter has been analysed with 
much care by several distinguished chemists, with the following results : — 



Grem Sand of France, 
by M. Berthlor. 

or England, by 
ProfeMor Turner. 

or MassacbuietU, by 
Dr. 8. L. Dona. 

OfN. Jersey, by 
Frofisssor Rogers. 
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Protoxide of iron 
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70 
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7*000 

5*91 

Potana ... 

icr 9 

traces. 

. 

9*99 

Lime ... 
Magnesia 

* 

3-8 

1*624 

1*^6 

5*08 


If the fertilising power of the sand depended alone upon the potassa, the English and 
I Massachusetts deposits would obviously be of no value, but to its virtue as a manure the 
oxide of iron and the other ingredients may contribute. The green sand contains nume- 
rous fossils, loophytes, sponges, echinites, and shells, which appear in the terrain neoco- 
mien of the French geologists, a deposit appertaining to the same formation. It has thus 
been styled from the site where it is largely developed, in the neighbourhood of Neuf- 

chatel in Switzerland, an- 
\ - ciently called Neocomium, 

' /^ , *5^ > occurring also in the north 

' y , of France, in the south- 

. //.'is \\\v ^ west within the range of 

the Pyrenees, and in Dau- 

• // phiny and Provence. The 

// . ; more remarkable shells 

. * / . are, several species of 

TV^omo, three-cornered, 
TrigoiiiaaiwronnU. alluding to the shape, 
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Hippuritea bioculatH. 


Hippnrites, a name derived from that of the common herb hippurUy the mare’s tail, the 
stem of which the shells are supposed to resemble, and Spherulitesy shells of a globular 
form, as the title indicates. In the cretaceous system of England, as it appears in the 
midland counties, the green sand occupies comparatively low tracts; but in Wilts it 
constitutes a secondary range of hills, presents high insulated masses on the confines of 
Dorset, forms the summit of the extensive table land of Blackdown in Devon, and 
appears at the elevation of nearly a thousand feet in Leith Hill in Surrey, thus rivalling 
in height the chalk hills of the North and South Downs. The formation is variottsly 
a loose sand, and formed into sandstone by a calcareous cement. 

GavU » — This is a provincial name for beds of chalky clay overlying the green sand^ 
varying in colour from a light grey to a dark blue, holding irregular balls of argil* 
laceous ironstone and iron pyrites. The crate tufeau of the continent corresponds with 
our English gault, but no where are the strata very persistent in their 
occurrence, or of much importance. Marine shells are abundant, gene* 
rally distinguished by their brilliant pearly lustre, of which the engraving 
shows an example. 

Chalk , — This mineral, occupying the upper part of the system, so 
useful in the arts and in agriculture, is a carbonate of lime, composed 
TerebratuiR difona. of nearly 44 parts of carbonic acid, and 56 of lime. It seldom, how- 
ever, occurs pure, but has earthy admixtures. Some of the foreign chalks contain as 
much as from eight to ten per cent, of carbonate of magnesia, and* are characterised 
by minute black spots, like gunpowder grains, imbedded in them. The two divisions of 
the chalk formation, the upper and lower, differ to some extent in their character. 
The upper is in general friable and soft, so as to be readily scratched with the nail ; 
the lower is harder, and is sometimes used as a building-stone. The colour of the 
upper chalk is often a clear snowy white, while that of the lower passes into a dusky 
grey, and even a red. The upper beds contain numerous nodules of siliceous or 
flinty matter, arranged in layers, which are either entirely absent, or not so common 
in the lower. In general, the appearance of stratification in the chalk is not dis- 
tinct, arising from the soft yielding nature of the mass, admitting of the beds passing 
indiscriminately into each other. The red colour of the lower part of the Yorkshire 
chalk is clearly seen in the cliffs of the coast between Flamborough and Filey ; and 
this hue characterises the scaglia in the neighbourhood of Genoa, considered to be a 
mode of chalk. 

Chalk with numerous flints, that with few flints, and that without them, may be seen 
well exposed in the range of rocks reaching from Shakespeare’s Cliff, near Dover, 
along the coast to the South Foreland, and round that point to St. Margaret’s Bay. 
The occurrence of these siliceous aggregations, so different from the surrounding mass, is 
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the most remarkable feature of the deposit. They exhibit every variety of shape, and 
differ in magnitude from the circumference of an inch to that of a yard. They are com- 
monly separated ffroin each other, being entirely enclosed by the chalk, and occur in 
layers- horizontally disposed in the rook; but in one instance a continuous stratum of 
dint Hies from the beach near St Margaret’s Bay, about an inch and a half thick, and 
may be readily traced from thence for a distance of two miles. But this is an exception 
to a rule whidi very generally obtains. The flints in chalk are ‘almost universally 
detached nodules, with rugged edges, arranged in horizontal strata. These strata are 
s^arated from each other by vaiying distances, and differ also in their own breadth. 
Upon examination, the flints are frequently found to be siliceous accumulations around 
oiganic substances, parts of shells, sponges, and other marine forms, into '^e most minute 
pores of which the siliceous matter has penetrated. In many cases the organic structure 
has been admirably preserved ; but where it has perished, its place has either been left 
vaeant, mr filled vtp with a sparry incrustation. Mr. Brands makes a remark, with a 
view to throw light upon the enigmatical appearance of the flints, that if finely powdered 
•Uka be mixed with other earthy bodies, and the whole diffused through water, the 
I grains of. silica have, under certain circumstances, a tendency to aggregate 4nto small 
nodules. Now grains of quartz are discoverable in chalk, and some conceiye it to be a 
probable explanation of the case, that silex, which occurs in a state of solution in the hot 
springs of Iceland, was largely present in the waters which deposited the upper chalk, 
and was aggregated by the elective affinity of its own particles, forming, under control of 
some peculiar attraction, upon the now enclosed organic substances as so many central 
nuclei. We mey be tempted to inquire, respecting the prevalence of silica in the seas of 
the period ; but such inquiries are endless, and would be equally pertinent and unanswer- 
able, concerning the material of the chalk and the magnesia so largely prevalent during 
the deposition of the magnesian limestone. 

Large masses of limestone are evidently owing to the organic; efforts of secreting animals, 
being entirely composed of comminuted shells and corallines ; and a similar organic 
origin is now generally ascribed to the chalk, for, upon being submitted to microscopical 
examination, its particles exhibit those appearances of structure which identify them 
either as excessively minute shells and corals, or portions of them. But if we admit 
the vital origin of chalk, and of all the enormous masses of carbonate of lime which 
compose nearly one-eighth part of the superficial crust of the globe, this is obviously no 
solution of the problem, for we have every reason to suppose that the inhabitants of the 
ocean secreted the material of their structures from the waters of the deep. The 
question, therefore, remains to be answered, whence the sea obtained its immense amount 
of calcareous matter, which appears to have more remarkably characterised it at certain 
eras than at otiiers. The chief difficulty in the case is, as Dr. Buckland states, that it 
could not have resulted, like sand and clay, from the mechanical detritus of rocks of 
the granitic series, because the quantity of lime these rocks contain bears no proportion 
to its large amount among the derivative strata. Perhaps the true theory may be, that, 
as lime appears to some extent in lava, basalt, and various kinds of trap-rocks, the ocean 
obtained its carbonate of lime from springs charged with carbonic acid gas percolating 
through those igneous masses, and received, at some periods, a preponderating supply 
from the prevalence of igneous discharges. 

Chalk, with an abundance of flints, presents itself in the cliffs of this formation in 
the north, and there, on the Yorkshire coast, exposed to the full violence of the 
derman Ocean, the rocks bear witness to the excavating power of the waves, the 
abrading influence of the stormy wind and rain, and their own comparative fragility. 
The general contour of tlie chalk developed in this district has been noticed, that of a 
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curve or bow, having one end at Flamborough Head, and the other on the tHumber, 
the middle .part bending inland. The breadth of the extremities of the bow, both 
at the ocean and the river, is comparatively small; but that of the central region 
amounts to about 15 miles, and the length from end to end to about sixty, without 
including the sinuosities of the outline. The chalk first appears on the coast, above the 
level of the sea, a little to the north of Bridlington Quay. From thence it gradually 
rises towards Flamborough and Speeton, forming the cliffs, which r^ precipitously 300 
feet, but reaching a greater elevation away from the shore. Proceeding westward 
towards the wolds, the chalk becomes still more lofty, and attains its highest eleva^pn in 
Wilton beacon, ascertained to be 809 feet above the level of the sea. From tlience, 
towards the Humber, the hills diminish ; yet at Hunsley beacon, six miles from the river, 
the elevation is still 631 feet The most striking part of the district is the Flamborough 
headland, and its neighbourhood. The chalk here shows a tendency to split in a perpen- 
dicular directjkm, and the clifis in consequence exhibit in various places somewhat of a 
columnar aspect The rough waves of tie ocean beating into the lower part of the per- 
pendicular fissures have hollowed out niches, grottoes, and large oaves, some of them 
iiighly romantic, harder or more protected masses of chalk remaining as pillars to support 
the undermined rock. In the loftier Speeton difis, a few miles further on the coast, an | 
analogous effect appears at their summit, produced by the beating of the rains, to that 
caused by the dashing of the waves at the base of those at Flamborough. Deep sinuosi- 
ties and breaks have been worn by the rains in the upper part of these rocks, the firmer 
chalk remaining between them, presenting to a spectator from the beach the appearance 
of the walls of some stupendous castle, surmounted by a range of pinnacles. A less 
boisterous sea, and a sloping mound, keep the base comparatively uninjured. The 
Speeton cliffs are interesting, for here the lower coloured chalk is exposed beneath the 
upper, the former exhibiting a brick-red or chocolate colour, with green, blue, and grey 
tinges, which strikingly contrast with the milk-white aspect of the latter, brilliant when 
lighted up by the beams of the rising or the setting sun. 

The fossils of the chalk, and of the cretaceous system in general, are eminently the 
remains of oceanic life, very few examples of land organisms occurring in any of its 
formations. Plants are rare, and are nearly all referable to marine types, fuci, and other 
sea-weeds, a circumstance which is understood os indicating that the sea was very little 
disturbed by inundations from the land during the deposition of the strata, otherwise 
the remains of ferns and other forms of terrestrial vegetation would have been im- 
bedded. Among the spoils of the ocean we are presented 
with sponges, zoophytes, star-fishes, many shells, and echi- 
nites. Of the latter, a most abundant family, a representation 
of the most common species, Spatangus cor-anguinumt or the 
heart-shaped echinite, is given in the annexed cut. Remains 
of vertebrated fishes have been exhumed by Dr. Mantell, 
but no mammalia have been discovered. ** There appears,” 
says Professor Phillips, “ no sufficient evidence in the fossils 
of this system to justify any positive inference as to the 
character of the climate then prevailing in the northern 
zones.” 

An addition to the cretaceous system, its uppermost member, entirely wanting in the 
British series, occurs on the continent, remarkable for bringing to light a marine reptile, 
the remains of which have since been found in the chalk of England. Tliis is a friable, 
shelly, and sandy limestone, containing layers of fiints, of which St. Peter’s Mountain, 
in the neighbourhood of Maestricht, is composed. Here the celebrated Hoffman, in the 
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year 1780, found the nearly perfect head of an animal, which greatly attracted public 
curiosity, and long baffled the attempts of naturalists to ascertain its true place in the 
animal kingdom, at a period when comparative anatomy was yet in its dawn. The dis- 
coverer was soon afterwards compeUed to abandon his prize, upon the ecclesiastics of the 
city claiming the possession of it, on the ground that it had been taken from a domain 
belonging to the cathedral. Its further history is curious, and has been detailed in a 
French work spepMly devoted to the object. Upon the comlnencement of the wars of 
the Revolution, a number of aavans from Paris accompanied the French army to the 
gatestof Maestricht, for the express purpose of obtaining this animal remain. The gar- 
rison were invited to hoist a dag on the town hall, where it was known to be kept, in 
order that the besiegers might avoid destroying that building with their shells. Upon 
the capture of the ciQr, the relic was transported to Paris, where it now remains. Cuvier 
confirmed a previous suggestion concerning it, that it belonged to a gigantic marine 
animal, neitfly allied to the monitor, the remains of which have since been discovered in 
the upper chalk near Lewes by Dr. Mantell, and in the green sand of the United States. 
This reptile received the name of the mososaums, or the lizard of the Meuse, from the^ 
place of'^its first discovery. It is supposed to have been from twenty to thirfy feet in 
length, the oar-like construction of the tail indicating a capacity to move rapidly in the 
ocean after the large and powerful fishes, upon which, from the great size of the jaws find 
teeth, it is conceived to have preyed. The era when this creature first appeared in the 
seas of the ancient earth was immediately subsequent to the age when the ichthyosaurus 
governed the inhabitants of the deep, and it doubtless performed the same office — that of 
checking an excessive multiplication of the occupants of the ocean during the period of 
its reign, which appears to have been exclusively confined to the cretaceous epoch. 

The physiognomy of chalk districts is not unprepossessing in general, and it is often 
veiy attractive, presenting a series of bold hills, with valleys intersecting them in every 
direction, remarkable for their smooth and fiowing outline, affording a scant though 
sufficient herbage for numerous fiocks of sheep. The economic value of the deposits is 
of high importance, the fiints supplying a material used in the manufacture of glass and 
porcelain, and the chalk itself being eminently serviceable in agriculture. A soil, to be 
fertile, must contain a certain proportion of aigillaceous, siliceous, and calcareous earth, 
and where the latter is deficient, the land may be improved by the addition of a few 
loads of chalk, more than by any quantity of animal or vegetable manure used alone. 
Still, Cuvier and Brongniart represent sterility as one of the most prominent features of a 
chalk deposit, and refer to Champagne as an instance of its soil being almost uninhabit- 
able. Mr. Conybeare also remarks, that in this country the population of the chalk dis- 
trict is less than that of any other secondary rock, in proportion to its size, and large por- 
tions of it are unenclosed commons, only used as sheep-walks. This arises from the 
mineral being in excess, and from the dryness of the strata. Many of the valleys of 
Kent and Sussex are, however, extremely fertile, and upon a chalk soil, well manured, 
some of the cereal grasses flourish luxuriantly. The beech also thrives well, and now, 
when a member of parliament vacates his seat by accepting office under the crown, the 

stewardship of the Chiltern Hundreds, he takes in hand a task no longer required that 

of watching over a chalk domain in Oxfordshire, once famous for the harbour afforded to 
banditti by its woods and thickets of beech. 
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CHAPTER X. 


THE TERTIAUY SYSTEM. 


', . ''^PIn geological djronology, tlie cretaceous deposits conclude the 

secondary serie.s of strata ; and, glancing back at the formations 
Moant PaniMtw. •-l•l■l . . i iV 

included in the vast interval extending from tlie close of 
the primary age, — when the gneissic rocks and mica schists had been produced, to the 
termination of the chalk era, — we have indubitable evidence of a grand ;general revo- 
lution being in progress in the physical condition of our planet, originating^ sedimentary 
deposits, whidi, mineralogically, differ more or less from the earliest strata, according as 
their relative antiquity is inferior. During the secondary period we have marked the 
dawn and development of organic life upon the globe as its leading characteristic ; — the 
abundant flora of the carboniferous era, and fauna of the oolite ; and the development of 
life in numerous organisms of the animal and vegetable kingdoms, which have now no 
living representative in field, or flood, or forest : but during the tertiary epoch, so called i 
from its deposits being of newer date than the secondary, we are presented with strata i 
still more diverse in composition from the ancient rocks, and with fossil contents which 
assimilate to the forms of living existence. Before proceeding farther, it may be well 
I to recapitulate the leading botanical and zoological changes which mark the interval 
1 reaching from the first appearance of organic life to the close of tlie cretaceous era. 
j Two extensive groups of land plants had flourished and passed away. The luxuriant 
vegetation of the carboniferous system, with its sigillarise, lepidodendra, and calami tes, I 
vanished with it, and the new races of zamis and cycadesc, wliicli appear in the weald, 
departed from the northern sites before the completion of the chalk. The inhabitants of 
the ocean, of many races — zoophyta, mollusca, and vertebrated fishes — came into being, 
and became extinct, during the period under notice, some enduring for a longer interval 
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than others* Of the nnmerons and remarkable family of crustaceans, the tnlobites,— 
with which the seas of the silurjan epoch were crowded, — not one survived the carboni- 
ferous era. Tribes of enormous reptiles had appeared, swarming in the waters of estuaries, 
or occupying the shores, all of which perished before the secondary period closed* Yet, 
before it terminated, the highest form of animal organisation, the mammalian class 
had been produced, though upon a veiy insignificant scale, the only vestiges of it being 
a few minute jaws in one of the oolitic beds, belonging to the marsupial order. But, 
as we advance through the tertiary system, we shall meet with numerous examples of 
mammalia, of extinct species and genera in the older tertiaries, becoming more and more 
identical with the living types in those of newer date. 

Before the publication by Cuvier and Brongniart of their memoir on the tertiary strata 
around the city of Paris, in the year 1810 , these beds were generally confounded with 
recent superficial accumulations ; but, since that period, other similar deposits have been 
studied with diligence and success, and the remains of animals imbedded in them of 
genera and species distinct from the existing races, with the appearance of regular stra- 
tification, have led to their recognition as an 
independent scheme of formations. The pre- 
vailing materials of the system are arenaceous, 
argillaceous, and calcareous, in general loosely 
aggregated. They occupy great hollows of 
the chalk, and occasionally of older strata; and 
owing to the tertiary beds having undergone 
less pressure from their position at the surface 
than more ancient deposits, their fossil shells 
have been preserved with remarkable perfec- 
tion. The arenaceous members are either 
pebbly conglomerates, or sands, seldom indu- 
rated so as to form sandstone ; in some dis- 
tricts white and colourless, in others of a 
general green tinge, derived from the silicate 
of iron ; while at Alum Bay, in the Isle of 
Wight, the sand is of various hues, imparted 
by the oxide of iron, giving to the rock a 
fantastic, beautiful, and fairy-like appearance. 
The argillaceous beds likewise exhibit great 
diversity, being laminated clays almost pure, 
or clays without lamination scarcely distin- 
guishable but by their fossils from the allu- 
vium of existing rivers, or clays with a sandy 
admixture, or marls more or less calcareous. 
Their colour varies from a dull blue or brown 
tint to a light green ; but at Alum Bay the 
hues of the associated clays are as diversified 
as those of the sands, being almost black, and 
again almost entirely red, or richly mottled 
with red and white. The calcareous formations 
are also very dissimilar, being rough coralline rocks, or coarse sandy limestones, soft, 
marly, and full of shells, easily distinguishable from the limestones of the preceding systems 
by their inferior degree of induration. The tertiary system includes subordinate formations 
of lignite, or carbonised wood, forming an imperfect coal, which holds an intermediate place 



Marli with mngnMite, m, near Coulotnmim. 




THE TSRTIART SYSTEH. 


789 


between that mineral and peat. Lignitic beds occur in tertiary strata at Bovey Heathfi^d 
in Devonshire, and at the interesting locality of Alum Bay, in connection with amber. 
They indicate the submergence of woods and forests, the amber, unquestionably a mineral 
substance, derived from the vegetable kingdom, being a gum or gum-resin exuded by the 
associated trees. Plastic clay, yielding the common pipe and potter’s clay, and gypsum, 
are extensively obtained from the London and Paris tertiaries, the latter forming, when 
calcined and combined with water, the well-known plaster of Paris, so largely employed 
in the arts. Magnesite, a stone essentially composed of magnesia, silex, and water, the 
material of the meerschaum, occurs at various points around Paris, particularly in a hill 
near Coulommiers, which has been cut to form a canal, exposing the interior structure. 
The strata here consist of siliceous and calcareous marls, in which the magnesite shows 
itself distinctly, as at m, in the section. 

Two of the largest cities in the world, and three of the most ancient capitals of Europe, 
London, Paris, and Vienna, are situated upon tertiary strata. In England the geogra- 
phical range of the system includes the north of the Isle of Wight, parts of Hampshire 
and Dorset, the north of Kent and the Isle of Sheppey, a considerable area around and 
west of the metropolis, with the eastern coast from the Thames into Ilolderness in York- 
shire. No similar deposits have been recognised in Ireland, but in Scotland they occur 
in the valley of the Clyde, and on the continent of Europe they are very extensively 
developed. This appears from the following classification, which shows th(5* relation of 
the European tertiaries to existing sens ; — 


Connected with tlie North Scai 
or German Ocean. 

Connected with the English 
Channel. 

Between the Baltic and Black Sea. 
Connected with the Atlantic. 

Connected with the Mediterra- 
iicaiu 


Secluded tracts. 


f The basin of I.rfindon, Suffolk, Norfolk, Lincoln, and Yorkshire. Tlie 
L north-east of France Belgium, WcRtphulia, Holstein, unil Jutland. 

( The basin of Hampshire, including parts of Dorset and the Isle of 
L Wight. The basin of Paris. 

The extensive sandy deposits of Prussia, Poland, Volhynia, and Wallachia. 
'I'he basin of the Garonne, 
r Tertiaries of C!ataloiiia. 

J of the south coast of France and the valley of the Ilhonc. 

1 of tlic northern sul>-Hpennine regions, and of Sicily. 

L of the northern parts of Africa. 

The valley of the Ithine from Basle to Bingen. 

The interior basin of Bohemm. 

The great hollow of tlie northern Swiss lakes, and the valley of the 
Danube, with the Moravian, Hungarian, and 'i'ransylvanian strata. 


The tertiaries occupy more than half the surface of Europe. They have likewise been 
recognised along the southern roots of the Himalaya, while in America they embrace 
nearly all the level region in the eastern part of the middle and southern United States. 
In no English locality arc they in association with igneous rocks ; but in Auvergne, in 
Hungary, and Transylvania, in Tuscany and Campagna di Koma, and in Sicily, they are 
found in connection with volcanic products. The external aspect of tertiary districts, 
excepting those where disturbance from igneous action has taken place, is generally mono- 
tonous, as in the great plains bordering on the Garonne, and the vast levels betw^een the 
Baltic and the Black Seas, but around London and Paris the scenery is varied, the strata 
undulating with the subjacent chalk. 

The fossil contents of tertiary deposits, their most interesting feature, are of marine, 
freshwater, and terrestrial origin. The beds containing them are frequently alternated 
and mingled with each other in a confused and irregular manner. Rivers, lakes, land- 
floods, and the sea, have contributed, therefore, to their formation, and we may conclude 
generally that, during the tertiary era, the relations of land and sea were repeatedly 
altered ; that the land was successively raised above the level of the ocean, and sunk 
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below it ; and that large European tracts were the sites of lakes, rivalling in size those 
of the American continent, into which rivers disembogued. Supposing the Niagara 
Falls to be removed to Lake Erie, hj the gradual gnawing away of the rock by the river, 
the waters of the lake being consequently drained off, a vast plain would be opened to 
examinstion, consisting of a base of ancient limestone covered with fresh-water formations. 
Tbe latter are now slowly accumulating from the sediment brought into the lake by 
its feeders, or being more rapidly created as the effect of the streams occasionally rushing 
into it in flood, and in these strata organic remains are deposited of the existing tenants 
of the lake, of animals also and vegetables peculiar to the land, which are drifted into it. 
The case imagined is precisely parallel to thst of some of the fresh-water tertiaries, whose 
fossil contents proclaim their fluviatile or lacustrine origin. The organisms of the entire 
system constitute an immense assemblage, generally characterised by being widely 
different from those of the secondary rocks, and exhibiting a marked analogy to the 
existing forms of life. They consist of plants, a few marine, but others terrestrial, pre- 
senting the true dicotyledonous structure ; molluscs in great abundance, many belonging 
to living species ; fishes, mostly of extinct species, though some are referable to genera 
common in tropical regions ; reptiles, among which are the remains of genuine crocodiles, 
with prototypes of the frog tribe ; and mammalia, of which between fifty and sixty 
species have been determined, of various orders, but chiefly belonging to the pachydermata 
or thick-skinned division of the animal kingdom, having their nearest representative 
in the existing tapir. M. Deshayes gives the following results respecting livin«y and 
tertiary molluscs : — 

Number of living specien examined • . . . 478 O 


of fossil species in tertiary strata alone 

Of these there were found both living and fossil 


3036 . - . total 7816 

426 


Leaving for the total number of species examined 
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The ratio of the species which art both living and fossil to the whole numlier is 5-7 to 100 0. 

The 4780 living species con.sisted of univalvtfs - - . . "l r75-6 

— — hivalve.s - - - . j I(J 4 J or per cent. I 24.4 

The 3036 tertiary species consisted of univalves - , , 2098 1 r60*l 

— - bivalves . . . - 938 J 

Proceeding upon the warrantable assumption that the tertiary beds which contain the 
greatest proportion of living species ore the most recent, M. Deshayes thus classifies the 
system : — 

f Localities. — Sicily ; the Italian suh-apennine beds, with whose fossils 

Upper <w met recent group. 4 “/ ‘he More, and Perpignan in the south of France agree j the 

ft 1 jsrag of Norfolk and Suffolk. 


Upper or most recent group. 


1 General proportion of living species, 49 per cent, 
r Bourdeaux ; Dax; Turin; Touraine ; Baden ; Vienna ; Angers; Rouen. 

Middle group. J • general type for those of Moravia, 

I Hungary, Cracovia, Volhynia, Podolia, and Transylvania. 

L General proportion of living species, 18 per cent, 
f Paris ; London ; Hampshire ; Valognes ; Belgium. The fossils of 

Lower group. -j gomberto and Pauliac arc the same nearly as those of the Paris basin. 

I General proportion of living species, 3j per cent. 

Mr. Lyell, adopting the same principle of classification, proposes a division of the 
system similar to the above, except that he gives an independent rank to the Sicilian 
deposits, separates them from the upper group of M. De8hayes,and thus makes four terms 
of the whole mass of tertiary strata, employing a Greek nomenclature to distinguish them. 
A ewer /Yio(^elle. — Sicilian deposits, with 95 per cent, of recent species. 

Elder Fitoeiene . — Italian and crag deposits, with 41 per cent of recent species. 
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Miocene, — Yienna, Bordeaux, Turin, &c., with 18 per cent, of recent species. 
jKocene.— Paris, London, Belgium, with 3^ per cent, of recent species. 

The denominative term Pliocene is an anglicised compound of »Xii£y, more, and 
recent, denoting the greater preponderance among its fossils of recent species. Miocene 
is composed of /iww, lese, and indicating that a minoritj only of fossil shells 

imbedded in formations of this period are of recent species* Eocene consists of die 
dawn, united to expressing the very small proportion of living species found in 

strata of this description, therefore regarded as furnishing the dawn of the existing day 
with reference to the animate creation. These terms may be familiarly taken to signify 
ancient tertiaiy, middle tertiary, and modern tertiary, two divisions ^ing made of the 
deposits denoted by the latter term, the one more modern than the other. 

1, Eocene period, the dawn of recent, or ancient tertiary era. The strata of this 
division, with which we are principally acquainted, are in England and France, and form 
the London, Hampshire, and Paris basins. The series of beds in these districts differ in 
number, composition, and order of succession ; but so far agree in their general features, 
and in their organic remains, as to evidence their aggregation during the same geological 
epoch. It is common, in the present day, for rivers at no great distance from each other 
to be depositing at tlie same time different materials, and for marine formations to be 
proceeding together, of a varying character, at several points of the same gulf. 

The London basin, of which a section is given, is a series of marine deposits, which 
2 occupy an extensive hollow or 



Downs; Wiltshire, Oxibrdshire, 
Berkshire, and Hertfordshire, on 
the south, south-east, west, and 
north-west ; the other directions 
LONDON BASIN. from tlic mctropolis to the sea 

1. River Thamei ; 2. Marine lands; 3. London clny; 4. Plaitic clay and being OCCUpied by COntinUOUH 
lands ; 5. Chalk with Sinls ; 6. Green-sand and Gault-clay. ^ ^ , , 

tertiary strata, and the channel 
of the Thames. That the chalk actually underlies the basin is not a geological inference, 
but a fact proved by the sinking of wells through the superjacent beds to it. Immediately 
above the chalk we have the Plastic Clay formation, so called from the use made of that 
material for pottery; but it is merely a subordinate stratum, connected with extensive 




1. River Thames ; 2. Marine lands; 3. London clny; 4. PInitic clay and 
sands ; 5. Chalk with Sinls ; 6. Green-sand and Gault-clay. 


depositions of sand and shingle. The tunnel under the Thames, from Rotherhithe to 
Wapping, traverses this formation, and the main difficulties of its construction arose from 
the loose sandy strata. The next member above this is the firm London clay, varying 
considerably in thickness, but sometimes attaining that of five hundred feet, and present- 
ing various shades of colour. This is the general substratum of the metropolis and its 
vicinity, occurring immediately beneath the surface soil. It has not hitherto presented the 
remains of any terrestrial mammalia ; but a great number of marine shells occur in it, 
and the skeletons of crocodiles and turtles have been met with in it, at Highgate and 


Islington, a proof, as Mr. Conybeare remarks, that the shores of some dry land must have 
existed at the period of its deposition, within a distance easily accessible, to which these 
animals resorted, according to their present habits. Pieces, and even masses, of fossil 
wood have also been often found, exhibiting the perforations, and even the casts of an 
animal, allied to the teredo navalis, the ship-worm, or borer, which now infests the seas 
surrounding the West Indian islands, and proves so destructive to our vessels. Mr. Lyell 
thus speaks of one of these fragments: — “ It must have once been buoyant and floating 
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in the sea, when the teTedinm lived upon it, perforating it in all directions. But before 
they settled on the wood the branch of a tree must have been floated down to the sea by 
a river, uprooted perhaps by a flood, or torn off and cast into the waves by the winds ; 
and thus our thoughts are carried back to a period when the tree grew for years on dry 
land, enjoying a fit soil and climate.” The Isle of Sheppey, at the mouth of the Thames, 
is an outlier of the London clay, being composed of it, and one of the most interesting of 
geological sites, on account of the abundance and nature of its fossils. Besides the usual 
shells, there are here to be found the remains of vertebrated fishes ; of crustaceans ; of 
birds, serpents, and turtles ; of plants allied to the cucumber, bean, cypress, and laburnum ; 
of the fruits of palms, and specimens resembling the spices of the East. So numerous are 
the vegetable relics, that they have been estimated as indicating many hundreds of species, 
mostly of a ti'opical nature. The imagination may be pardoned, arising from the occur- 
rence of these vegetable forms, that when they were imbedded in their present site the 
elevated parts of England formed a number of spice islands like the Moluccas, enjoying 
an equatorial warmth, whose products, committed by natural agencies to the waves, were 
drifted hither by an oceanic current, and laid up in their present resting-place. A more 
sober conclusion is, that the climate of our northern zone still possessed a tropical tem- 
perature, and that here was the estuary of a river which brought down these specimens of 
the flora of the neighbouring land. The third and uppermost group of the London basin 
consists of arenaceous deposits, the sands of Highgate, Hampstead, Finchley, and Bagshot 
Heaths, with very few organic remains, forming the wastes abandoned to their native 
furze, which mark the neiglibourhood of the capital. 

The Hampshire basin includes an area of the mainland out of that county, east arid 
west, and the northern part of the Isle of Wight, which is, in fact, a disrupted mass from 



Alum Bay, Itic of Wight. 

the south coast of England. Strata here alternate of marine and fresh-water origin, and 
BO far this tertiary district of the eocene era differs from that just noticed. This fact 
indicates alternations in tlie level of the land with reference to the sea ; and the existence 
of an estuary into which a river poured its waters during the elevation of the land, 
bearing along specimens of the organisms of an interior country, which were deposited in 
its bed, the whole being subsequently submerged and re-elevated. The fresh-water strata 
contain very perfect remains of tortoises and crocodiles, with the bones of mammalia, 
belonging to land animals identical with those which we shall have to notice as occurring 
in the Paris basin, a formation of the same epoch. By far the most remarkable locality 
in this district is Alum Bay, whose vertical and variously -coloured strata at once arrest 
the eye of the spectator, the tints of the cliffs being so bright and varied that they have 
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not the appearance of anything natural. Deep purplish red, dusky blue, bright ochreoui, 
yellow, grey nearly approaching to white, and absolute black, succeed each other, as 
sharply defined as the stripes in silk ; and after rain, the sun shining upon the cliffs 
gives a brilliancy to some of these colours, rivalling the resplendence of real silk when 
high lights are thrown upon it. 

The Paris basin is larger than either of the preceding, and more remarkable on accoun. 
of the abundance of its organic contents, which, examined by the genius of Cuvier, gave 
birth to true philosophical geology. It includes an area of more than seven thousand 
square miles around the capital, and forms an irregular polygon, elongated from north to 
south, the Loire flowing through its southern confine, and the Seine pursuing a winding 
course through the middle, nearly dividing it into two equal parts. The greatest extent 
of the basin, from north to south, is about 180 miles, and 100 miles from east to west. 
The site of Paris is nearly centrical. The sides of the polygon pass in the vicinity of 
the towns of Laon, Clermont, Chartres, Vendome, Blois, Orleans, Epernay, and Rheims. 
Everywhere, within these limits, the strata rest upon chalk, which is visible at the surface 
beyond them, and forms a great belt around the tertiary deposits. The Paris basin com- 
prises a quintuple series of formations, two of marine, and three of fresh-water origin, 
which alternate with each other in the following order : — 

r Marls interstratified with layers of flints, one series of layers without shells, 

Upper fresh-water group. 

. f Beds of micaceous sand and sandstone, loosely aggregated, except at Fontaine- 

Upper marine group. bleau, and commonly white, but sometimes slightly red or yellow. 

{ CkUcaire siliceuxt a siliceous limestone resembling a precipitate from the 
waters of mineral springs ; marls ; gypsum, with abundant bones in the 
hill of Montmartre, near Paris. 

{ Calcaire grassier^ a coarse limestone, and green-sands, containing the greater 
proportion of the shells of the Paris basin. 

f Plastic clay and sand.s ; beds of lignite, and pebbly beds, of partial extent 
and irregular occurrence. 

It is clear, that to account for the phenomena of these formations, we must have 
recourse to the hypothesis that the sea once occupied that depression in the chalk which 
is now filled up with tertiary strata ; that the ocean probably flowed into it from the north, 
as into a bay or gulf, while a river or rivers charged with argillaceous sediment, drifting 
down, also, fresh-water shells and terrestrial plants, entered it from the south ; and that this 
aspect of the district was repeatedly modified through a long series of ages, the relations of 
land and sea being changed, and extensive vicissitudes occurring, till the final elevation of 
the deposits to their present position transpired. But passing by the mutations of inanimate 
nature indicated in this district, we have a large assemblage of organic remains in tlie 
Paris basin unfolding new and interesting forms of life. The coarse limestone, calcaire 
grossier, is remarkable for containing shells belonging to an immense number of species, 
upwards of 400 distinct species having been collected from it in one locality ; but it is 
also remarkable for its great abundance of species belonging to the genus Cerithium 
which occur, measuring from ten to fourteen inches in length. M. Deshayes states 
the number of species in the Paris basin at 137, almost all of them found in the 
calcaire grossier. The living specimens of this genus are met with in the Mediterranean, 
along the shores of New Holland, and the west coast of Africa ; and Mr, Lyell makes the 
remark, that they inhabit the sea near the mouths of rivers, where the water is brackish, 
so that their abundance in the marine strata of the Paris basin is an interesting corro- 
boration of the hypothesis advanced respecting it. 

But what has conferred special celebrity upon the locality we are noticing, are the 
remains exhumed from the fresh-water formation of gypsum and gypseous marls, which 
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have long been quarried in the hill of Montmartre. They consist of land and river 
shells, fragments of dicotyledonous wood, bones of fresh-water lish and crocodiles, with 
other land and river reptiles, and the skeletons of mammalia. Cuvier, who first developed 
these fossil quadrupeds, has an interesting passage respecting his course of discovery: — 
' “ When,” says he, “ the sight of some bones of the bear and 
elephant, twelve years ago, inspired me with the idea of 
applying the general laws of comparative anatomy to the 
re-construction of fossil species ; when I began to perceive 
that these species were not perfectly represented by those 
of our day which resembled them the most ; I did not 
suspect that I was every day treading upon a soil filled with 
remains more extraordinary than any that I had yet seen ; 
nor that 1 was destined to bring to light whole genera of 
animals unknown to the present world, and buried for in- 
calculable ages at vast depths under the earth.” He pro- 
ceeds to describe his first acquaintance with the ossiferous 
gypsum quarries at Montmartre: — “ I was in the situa- 
tion of a man who had given to him the mutilated and 
incomplete fragments of a hundred skeletons, belonging to 
twenty sorts of animals, and it was required that each bone 
should be joined to that which it belonged to. It was a 
resurrection in miniature ; but the immutable laws pre- 
scribed to living beings were my directors. At the voice 
of comparative anatomy each bone, each fragment, regained 
its place. I have no expression to describe the pleasure 
experienced in perceiving that, as I discovered one cha- 
racter, all the consequences, more or less foreseen, of this 
character, were successively developed. The feet were con- 
formable to what the teeth had announced, and the teeth 
to the feet ; the bones of the legs and the thighs, and every 
thing that ought to reunite these two extreme parts, were 
conformable to each other. In one word, each of the species 
sprung up from one of its own elements. Those who will 
have the patience to follow me in these memoirs may form 
some idea of the sensations which I experienced in thus 
restoring by degrees these ancient monuments of mighty 
revolutions.” Among the remains found in the ossiferous 
gypsum are those of — 

Pachydermata, — Palaeotherium and anoplotherium of 
many species, all extinct, and all belonging to that division 
of the order which is now represented by only four living 
species, namely, by three tapirs and the daman of the Cape. 
Carnivora, — Several species allied to the fox and gennet. 

Rodentia, — Dormouse, two species ; squirrel. 

Marsupialia. — Opossum. 

Birds. — Nine or ten species, all extinct, but referable to the foUowing genera; — 
buzzard ; owl ; quail ; woodcock ; sea lark ; curlew ; pelican. 

Reptifej^,^ Crocodiles and tortoises of extinct species. 

Fishes, — Seven extinct species of extinct genera. 

The annexed view represents the restored outline of some of these ancient inhabitants 
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of the globe. The Paleeotherium magnum — the former term signifying an ancient wild 
beast, and the latter denoting the species to be of the largest class — resembled the tapirs 
in the form of the head and short proboscis or trunk, but approached to the rhinoceros in 
the character of the molar teeth. Unlike the tapirs also, the feet of the animal had only 
three toes instead of four. It was about the size of the horse, but much more clumsy ; 
the head massive, the legs short and thick, and is supposed to have inhabited marshy 
ground, feeding on the roots and stems of juicy vegetables. “ Probably,*’ says Cuvier, “ it 
was a timid animal, with large moveable ears like those of the deer, which could apprise 
it of the least danger. Doubtless its skin was covered with short hair ; and we only want 

to know its colour in order to paint 
it as it formerly lived in the country 
where, after so many ages, its bones 
have been dug up.” Eleven species 
have been determined, of which 
one, the PaldBOtherium minus^ was 
considerably less than the pre- 
ceding, had somewhat of the light 
and agile figure of the antelope, 
resembled it in size, and is sup- 
posed to have browsed on aromatic 
plants, or the buds of young trees. 
Cuvier remarks, that could this 
animal be re-ani mated as easily 
ANiMALH OP THE PA«i8 BASIN. ^ , as its boncs havc been collected, 

a, Pulcotherium magnum ; A, rulwutlierium minus ; r, Anoplotherlum -.■.iiii . ,, 

commune; rf, Crocodile. we sbould behold a tapir smaller 

than the roebuck, with slender limbs, for such undoubtedly was its figure. An- 
other species, Palceotherium minimum^ was considerably less ; not larger than the 
hare, with very small and slight feet. The Anoi^lotherium communcy or unarmed wild 
beast, having no defensive teeth, appears to have been about the height of the wild boar ; 
but much more elongated in form. In addition to the above, the remains of several genera 
of closely related animals occur, as the lophiodony crested-tooth, of which twelve species 
have been determined ; and the anthracotheriumy a genus approximating to the size and 
character of the hog, and so named from having been first discovered in a tertiary bed of 
anthracite or lignite. In England no entire skeleton of any of these remarkable animals 
has been found, so abundant in the tertiaries of France of a corresponding era, and no 
remains whatever had been discovered until a few years ago, when some portions of two 
species of anoplotherium, and of four species of palaeotherium, were met with at Sea- 
field, and near Ryde, in the Isle of Wight. 

Towards the centre of France, south of the confluence of the Allier and the Loire, 
some detached tracks of tertiary strata occur referable to the eocene era, all of fresh- 
water origin, evidently the sites of a series of lakes, whose waters have been drained off 
and their beds elevated, in the course of those physical revolutions which the terrestrial 
superficies has undergone. The largest of these tracks occupies a considerable part of 
the valley plain of the Allier, and contains, besides vegetable remains, land and fresh- 
water shells, with bones of the palaeotherium, anoplotherium, and the other quadrupeds 
of the Paris basin. The most remarkable deposit is an indusial limestone, so called from 
the Latin indusiumy a case, because essentially composed of the cases of a species of 
insect in its larva state, encrusted with travertin, and cemented into a rock. The reader 
has no doubt often observed, when by the side of a clear and shallow pool of water, little 
oblong masses moving along the bottom, resembling pieces of straw, wood, or even 






or caadia-wonns, employed l^the fiahennan as a bak, really 
larTB of # tribe Hof foor^winged inaecta, of whidi nothing ia aeen in thewato but 
the head and legs, by meana of which they move, and drag along the case in which the 
rest of the body ia enclosed, and into which, on any alarm, they wholly retire. The 
oonatruotion of these habitations,” says Kirby and Spence, “ is very various. Some 
adect four or five pieces of the leaves of grass, which they glue together into a shapely 
polygonal case ; others employ portions of the stems of rushes, placed side by side so as 
to form an elegant fiuted cylinder ; some arrange round them pieces of leaves like a 
spirally-rolled riband ; others enclose themselves in a mass of the leaves of any aquatic 
plants, united without regularity ; and others, again, form their abode of minute pieces 
of wood, either fresh or decayed. Other species construct houses which may be called 
alive, forming them of the shells of various aquatic snails, of different kinds and sizes, 
even while inhabited, all of which are immoveably fixed to it, and dragged about at its 
pleasure — a covering as singular as if a savage, instead of clothing himself with squirrels* 
skins, should sew together into a coat the animals themselves. Even those that are 
most careless about the nature of the materials of their houses, are solicitously attentive 
to one circumstance respecting them, namely, their specific gravity. Not having the 
power of swimming, but only of walking at the bottom of the water, by the aid of the 
six legs attached to the fore part of the body, which is usually protruded out of the case, 
and the insect itself being heavier than water, it is of great importance that its house 
should be of a specific gravity so nearly that of the element in which it resides as, 
while walking, neither to incommode it by its weight, nor by too great buoyancy ; and 
it is as essential that it should be so equally ballasted in every part as to be readily 
moveable in every position. Under these circumstances our caddis-worms evince their 
proficiency in hydrostatics, selecting the most suitable substances, and, if the cell be too 
heavy, glueing to it a bit of leaf or straw ; or, if too light, a piece of shell or gravel.** In 
a precisely similar way the cases which compose the indusial limestone we are noticing 
are composed. Around the larva dwelling the shells of a small spiral univalve belonging 
to the genus paludina, a tribe of fresh-water snails, are aggregated, and both the insects 
and molluscs must have existed in countless swarms in the ancient lakes of central 
France, since ten or twelve cases may be packed within the space of a cubic inch, and 
some single strata of the indusial limestone are six feet in thickness, and may be traced 
over an area of several miles. 

The district where these singular beds occur is the ancient Auvergne, so remarkable 
for its long dormant volcanoes, the principal of which range in a chain from north to 
south by the town of Clermont, partially shown in the annexed view. We have before 

remarked upon the abundant igneous 

products of this region, immense 
quantities of scoriae and lava occu- 
pying the surface, and the fact has 
^ been referred to, that no notice of 

-X-- volcanic activity has been preserved 

^ by history or tradition, but that evi- 

Extinct Volcano*?* of Auvergne. , ... « - 

dence appears, in the cutting of deep 
channels by streams and rivers through the lava masses, of the vast remoteness of the era 
when the crateriform hills poured them forth. An examination of the fresh-water 
strata in the immediate vicinity of the volcanic rocks corroborates the conclusion. When 
the ancient lakes first began to deposit their sediment, it may be inferred that the igneous 
eruptions had not commenced. The absence of volcanic matter in the older tertiaries 
warrants this assumption, for, had it then been scattered over the surface of the sur- 


Extinct Volcano*?* of Auvergne. 



THE TEBTXAST SYSTEM. 


747 

roiindii^ conntrj, it would hieyitably have been transported into tbe lakes, and deposited 
at their bottom, with the other detritus of the adjoining land. But long before llie 
depositions from the lakes were completed, and their waters ceased to distinguish the 
physical geography of Auvergne, the subterranean forces came into action, and masses 
of lava and tufa were erupted, whose material intermingles with some of the newer sub- 
divisions of the lacustrine deposits. Mr. Lyell remarks that, in the gravelly and sandy 
beds of Lake Superior, no pebbles of modem volcanic rocks can be included, since there 
are none of these at present in the district ; but, if igneous action should break out in 
that country, and produce masses of lava and scoriae, the deposition of gravel and sand 
might still continue as before, but, in addition, there would be an intermixture of the 
volcanic ejections carried down into the bed of the lake by the numerous rivers and 
torrents that pour into it. We may conclude, therefore, that though we know not the 
era when the craters of Auvergne ceased their eruptions, the period of their activity goes 
back to an interval ages before the present epoch, when central France was a region of 
lakes, the site of Paris an arm of the sea, and the palficotherium inhabited the contiguous 
lands. To alterations produced in the general level of the country by the long-continued 
play of the subterranean fires, we are probably to attribute the drainage of the lakes. . 

2. Miocene period^ or Median Tertiary Strata. — The deposits included in this division 
are characterised by their fossil contents presenting a greater admixture of extant with 
extinct species than the eocene beds, and, by their overlying position when the latter 
are present, denoting their later accumulation. They are far more extensive, likewise, 
occupying an immense space of the area of Europe. In the ancient province of Touraine, 
what are provincially called the “ Faluns,” or marls of the Loire, are miocene tertiaries. 
They occur in the basin of that river, and consist of an extensive formation of marl 
beds, a series of marine strata, resting upon the upper fresh-water group of the Paris 
basin. Nearly four hundred species of shells found in this district have been compared 
with those common to the deposits around the capital, and scarcely more than twenty are 
identical, a suflicient evidence of the entire distinctness of the two tertiary groups. The 
Touraine marls contain terrestrial and river shells, as well as marine, with the remains 
of land quadrupeds, and vertebrated inhabitants of the ocean, intimating that here 
anciently, the waters of a river encountered the sea in an estuary, the one drifting down 
the fluviatile and land organisms, and the other washing up the oceanic forms, to be 
entombed in the strata deposited by the estuary, which passed away wdth the elevation 
of its bed. The bones of the mastodon, an extinct genus, the hippopotamus, rhino- 
ceros, tapir, and horse of extinct species, intermingle with those of whales, and other 
cetaceous animals. The former evince considerable fracture, and rolling, as if by a long 
drift along a river course, and in connection with the latter are coated with marine 
polypi, from which it may be inferred that, for a lengthened interval, they were covered 
with a tranquil and stationary sea. A notice of the above fossil mammalia will be more 
appropriate on a subsequent page. 

Tertiary deposits containing shells analogous to or identical with those of Touraine, 
— referable, therefore, to the same age, — are much more extensive in the south of France, 
in the basin of the Garonne, and in the country intervening between that river and the 
Pyrenees. They occur, also, in the neighbourhood of Turin, in the low country of Switzer- 
land, along the course of the Rhine, and occupy a large part of the basins of Vienna and 
Styria, the plains of Bohemia and Hungary, with the plateaus of Volhynia, and Podolia. 

Besides an immense number of shells, belonging to 1418 species, according to the 
catalogues of M. Deshayes, by far the greater portion of which are extinct, the strata of 
the miocene period present many vegetable remains, the silicified stems, fruits, and 
leaves of palms, often of great beauty, and very perfectly preserved. A shell, and 
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a palm stem with the leaves, appear in the succeeding cut. Professor Kaup gives the 
following list of remains of quadrupeds found in miocene strata of sand at Epplesheim, 
to the south of Mayence, and now preserved in the museum at Darmstadt ; 



Dinotherium - 

. 2 species 

Tapirs - - - 

- 2 

Chalicotherium 

- 2 

Rhinoceros 

- 2 

Tetracaulodon > 

- 1 

Hippotherium • 

- 1 

Sus .... 

- S 

Felis . - - 

- 4 

Machoirodus 

- 1 

Gulo . - - 

- 1 

Agnotherium - 

- 1 


Palmacites Lamanonis. Bulanua crataui. 

Gigantic herbivorous animals, 15 and 18 feet long. 
Larger than living species. 

Allied to the tapir. 

Allied to the mastodon. 

Allied to the horse. 

Hog. 

Large cats, some as large as the lion. 

Allied to the l>ear — Ursus cultridens. 

Glutton. 

Allied to the dog, as large as the lion. 


The most remarkable of these quadrupeds is the Dinotherium, of which the annexed 



view is a restoration, perhaps the largest of 
all the terrestrial mammalia that ever inha- 
bited the earth. The teeth, first discovered 
at Grenoble in France, and afterwards in 
Bavaria and Austria, led Cuvier to describe 
it as an extinct colossal tapir ; but the jaws, 
skull, and other remains, found at Epplesheim, 
have enabled Professor Kaup to establish 
an entirely new genus, bearing an affinity to 
the mastodon and tapir, and apparently 
adapted to that lacustrine condition of the 
earth which seems to have been its marked 
feature during the deposition of the tertiary 
strata. The animal had a trunk like the ele* 
phant, with two large tusks at the anterior 
extremity of the lower jaw, which curved 
downwards like those of the walrus. Sup- 
posing it to have been an inhabitant of the 
land, Dr. Buckland remarks upon the mecha- 
nical impossibility of a lower jaw nearly four 
feet long, loaded with heavy tusks at its ex- 


Reitorauonind Lower j«w of the Dinotherium. tremity, being Otherwise than excessively 
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cumbrous and inconvenient ; but such a structure would be no disadvantage to a crea- 
ture destined to live principally in fresh-water lakes and rivers like the liippopotamus. 
It is conceived, therefore, to have been an aquatic, employing its tusks for the purpose of 
tearing up the roots of vegetables at the bottom of the water, which, as the teeth shoV, 
constituted its food. They may also have served for defence, and likewise to assist in 
dragging the huge body of the animal out of the water as occasion required, by being 
hooked on the bank — a purpose to which the walrus applies the same implements. 

The remains of organic existence, found in the median and other tertiaiies, conduct us 
from the colossal and imposing to the minute and microBCopic ; for beds occur entirely 
composed of the fossil relics of animalculites — those infinitesimal forms now present in 
our lakes, rivers, and streams, invisible to the unassisted sight, whose perfect organisation 
places them among the wonders of the creation. They were formerly supposed to be little 
more than mere particles of matter endowed with vitality ; but Ehrenberg has discovered 
in them an apparatus of muscles, intestines, teeth, difierent kinds of glands, eyes, nerves, 
and organs of reproduction. Yet some of the smallest are not more than the 24,000th of 
an inch in diameter, the thickness of the skin of their stomachs not more than the 
50,000,000th part of an inch, a single drop of water having been estimated sometimes 
actually to contain 500,000,000 individuals. Not less astonishing is their power of mul- 
tiplication, an individual of one species increasing in ten days to 1,000,000, on the 
eleventh day to 4,000,000, and on the twelfth day to 16,000,000; while, of another kind, 
Ehrenberg states that one individual is capable of becoming, in four days, 170,000,000,000 1 
To this distinguished naturalist we are indebted for the development of the fact, that ages 
ago our world was rife with these minute organisms, belonging to a great number of 
species, whose mineralised skeletons actually constitute nearly the whole mass of some 
tertiary soils and rocks several feet in thickness, and extending over areas of many acres. 
Such is the Polirschiefer^ or polishing slate of Bilin in Bohemia, which occupies a surface 
of great extent, probably the site of an ancient lake, and forms slaty strata of fourteen 
feet in thickness, almost wholly composed of the silicified shields of animalcules. The 
size of a single one, forming the polishing slate, amounts upon an average, and in the 
greatest part, to ij-J-g- of a line, which equals J of the thickness of a human hair, reckon- 
ing its average size at of a line. The globule of the human blood, considered at 
is not much smaller. The blood globules of a frog are twice as large as one of these 
animalcules. As the Polirschiefer of Bilin is slaty, but without cavities, these animal- 
cules lie closely compressed. In round numbers, about 23 millions would make up a 
cubic line, and would in fact be contained in it. There are 1728 cubic lines in a cubic 
inch; and therefore a cubic inch would contain, on an average, about 41,000 millions of 
these animals. On weighing a cubic inch of this mass, I found it to be about 220 grains. 
Of the 41,000 millions of animals, 187 millions go to a grain ; or the siliceous shield of 
each animalcule weighs about millionth part of a grain.” Such is the statement of 
Ehrenberg, which naturally suggests the reflection of the French philosopher, that if the 
Almighty is great in great things, he is still more so in those which are minute ; and 
furnishes additional data for the well-known moral argument of the theologian, derived 
from a comparison of the telescope and the microscope : — ** The one led me to see a 
system in every star ; the other leads me to see a world in every atom. The one taught 
me that this mighty globe, with the whole burden of its people and of its countries, is but 
a grain of sand on the high field of immensity. The other teaches me, that every grain 
of sand may harbour within it the tribes and the families of a busy population. The one 
told me of the insignificance of the world I tread upon. The other redeems it from all 
insignificance ; for it tells me that in the leaves of every forest, and in the flowers of 
every garden, and in the waters of every rivulet, there are worlds teeming with life, and 
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Aitmberlait of Hie Hnnament” tioi&poHHb^ of Hie polishiiig Hike 

of Biiin V in 86Tend other Eoropean localities, and verjr 

larg^ in 4^^ strata consisting mainly of fbssil animalcules have been observed; 
Thk is Hie case with some siliceous marls belonging either to the ancient or to the median 
tertiary era, which have a total thickness of twenty feet, and spread out to a considerable 
distance, upon which the town of Richmond, in the state of Virginia, is built, 

8. FUocme period^ or Modern Tertiary Strata,-— Deposits are included in this division, 
in which the fossil shells are largely identical with living species ; but this much more 
strongly applies to some members of the group than to others, and hence the subdivision of 
pliocene strata into older and newer, A great part of the sub-appenine range in Italy 
belongs to the older, whose shells were observed by Lamarck to differ from those of the 
Paris basin, and to have a considerable proportion agreeing with species now living in 
the Mediterranean or in the seas of tropical climates. The sub-apennine hills rise to the 
height of from one to two thousand feet, and extend along the 
main chain of the Apennines, which are composed of secondary 
rocks, both on the Mediterranean and Adriatic sides. They 
consist of marls, sands, clays, and calcareous tufa, generally 
of marine origin. By dredging the bed of the Adriati(^ it 
has been ascertained that depositions are now forming there, 
whose lithological character closely resembles that of the sub-apennine tertiaries. 
There can be no doubt of the formation of the latter from the waste of the central 
mountains of the peninsula, when the sea flowed up to their base, depositing their 
detritus in its bed through a long course of ages, subterranean forces raising the 
strata at various intervals to their present elevation. Testaceous fishes and marine 



Murex alveolatut. 


plants, now found imbedded in the hills, indicate their oceanic origin ; but another 
class of deposits, containing fluviatile and lacustrine remains, intimate that, after the 
ocean had retired, rivers and lakes held possession of parts of the vacated territory for a 
time sufficient to produce the fresh-water beds, which alternate with marine, near the town 
of Sienn^ the sea re-entering its ancient haunt, and again retreating, in the course of 
those various alterations of the level of the land from volcanic action, the monuments of 
which are so striking in the Campagna di Roma. With the sub-appenines, in point of 
age, some tertiaries in the Morea are classed, with patches in Spain, and the largely 
developed provincial “crag” of Norfolk, Suffolk, and Essex, which overlies the London 
clay in the latter county. The crag is a heterogeneous group of strata, in part lacustrine, 
but chiefly marine, presenting among its fossils mammalian relics, teeth and bones of a 
species of shark, an abundance of corals, and shells, among which, out of 111 species 
examined by M. Deshayes, 66 were found to be extinct and 45 living, the latter with 
one exception, now the inhabitants of the G-erman Ocean. 


greater approximation to the present state of things appears in Sicily, where 
Mr. Lyell found that amid vast accumulations of marine shells, entering into the compo- 
sition of mountains of no inconsiderable altitude, nearly all were specifically identical 
with those now inhabiting the contiguous sea. These formations are therefore regarded 
as belonging to the most modern tertiary group, or the newer division of pliocene strata. 
The south of Etna is occupied by an extensive tract of limestone, marl, and sandstone 
connected with volcanic rocks, called the Val di Noto, in which the hills rise to the height 
of from one to two thousand feet, composed of sedimentary strata and igneous products. 
These are associated in such a manner as to show, by the stratified rocks overlying lava, 
that during their deposition submarine igneous eruptions occurred at intervals in that 
now active focus of volcanic action. Probably the formation of the fresh-water strata, 
through which the beautiful Rhine passes in its course from Constance to Schaffhausen, 
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oeloBgB to the same era, the quarries of which abound with innumerable remiuns of land 
and riv^ organisms, proclaiming the existehoe of an ancient lake in this locality in whose 
bed they were deposited. The volcanic masses of the Rhine, consisting of the Roder- 
berg, the Eifel, and the « castled crag of Drachenfels,” with its associates, forming the 
Siebengebirge, or group of Seven Mountains, and almost all the vine-dad hills from Bonn 
to Mayence, on each side of the river, which have been erupted through secondary rocks 
during the tertiary era, are enduring memorials of some of the great physical changes 
which have transpired in this attractive region since the general contour of the continent 
was formed. 


CHAPTER XI. 

DILUVIUM. — DRIFT AND ERRATIC BLOCKS. 



Erratic Blocks, in Gloucester, Massachuasets. 


NDER the general denomination 
of diluvium, drift, boulder for- 
mation, erratic block groups, or 
osseous breccia — phrases which 
are more or less vague and un- 
satisfactory-diversified deposits 
ai*e embraced, widely spread over 
the surface of many countries, 
but entirely wanting in others ; 
occurring in valleys, on plains, 
on plateaux, and at high eleva- 
tions; distributed over forma- 
tions of all ages, either consti- 
tuting the visible superficies, or 
thinly covered with the turf and 
cultivable soil, and forming, as 


it has been happily expressed, the loose vestments of the globe. The greater part of the 
drift — a term which is sufficiently accurate for a very general view of the subject — is com- 
posed of dark tenacious blue or red clay, sand, and gravel, varying from a slight thickness 
to that of several hundred feet, the usual order of the series being first and lowest, the 


gravel, then clay, and then sand. The gravel and clay show different degrees of commi- 
nution, and appear tumultuous accumulations, their respective parts being mixed together 
in the manner that violent currents of water would be likely to produce. Tlie sand 
evinces a much more quiet deposition ; and, if traceable to the same cause, it belongs to 
a different age. Sometimes the sand and gravel have been consolidated into sandstone 
and conglomerate by the infiltration of iron or carbonate of lime. The drift belongs to 
the newer pliocene era of Mr. Lyell. It is distinguishable from the older tertiary depo- 
sits by its confused aggregation and general unstratified character ; and from accumulations 
proceeding at the present period, by its occurring at every altitude attainable by moun- 
tians in situations where no agency as now acting could have placed it. In many instances 
its materials have been originated locally ; that is, been derived from rocks within a few 
miles of the spot where they are now found, as appears from the accordance of their 
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mineral character ; but in cases equally numerous, they have been transported from a 
considerable distance, and even from the mountains of remote lands, from which they are 
now separated by seas, which are thus proved not to have existed at the period of the 
passage. The preceding remarks must not be understood as applying to every case of 
drift, which is often a mere bed of gravel or pebbles. The surface of the drift frequently 

appears scooped out into deep 

_ basin-shaped deju'essions, and 

raised into corresponding ele- 
vations, the difference of level 
amounting to from one to two 
hundred feet, the external aspect 
presenting a series of tortuous 
conical heaps with intervening 
cavities, as if excavated by the 
hands of Titans. These round- 
^ ^ ^ topped tumuli are very common 
in the northern part of the 
Monument Mountain. wcstcm Continent, as in the 



annexed view, taken from the neighbourhood of Monument Mountain, in the United 
States; and in some instances they have been mistaken for artificial mounds, the 
sepulchres of a departed race ! 

Along the eastern side of England from the Thames to the Tweed, extensive and thick 
beds of gravel or loam are distributed, not only mantling lowland districts, but elevated 
table lands, and capping insulated hills, covering the chalk of the Yorkshire wolds and 
the crag of Norfolk and Suffolk. In the midland counties these accumulations are abun- 
dant ** From Houghton on the Hill,’’ says Mr. Conybeare, ** near Leicester, to Braunston, 
near Daventry, proceeding by Market Harborough and Lutterworth, the traveller pai^es 
over a continuous bed of gravel for about forty miles;” and throughout the red marl, lias, 
and oolite districts similar masses occur, the pebbly constituents consisting of the wrecks 
oi rocks of the most distant ages, and derived from remote localities. In the gravel depo- 
sits of South Derbyshire there are fragments of almost all the English formations from 
granite upwards to the chalk ; and it would not be difficult, according to the authority 
just cited, to form almost a complete geological series of English rocks from many single 
gravel beds. In Earl Spencer’s park at Althorp, Northamptonshire, in the gravel used 
for the roads, brought from an acyoining parish, there is a large proportion of chalk flints, 
though at such a distance from the present limits of the chalk ; and on the oolite form- 
ation near Northampton, there are fields as thickly strewed over with fragments of pure 
white chalk, as the superficial soil is generally with the substance of the subjacent rock. 
Sir Joseph Banks observed pebbles of porphyry in the gravel near the town of Dunstable, 
in Bedfordshire, porphyritic rocks occurring at no nearer point than the Charnwood 
Forest hills of Leicestershire. In various places the transported matter is highly metal- 
liferous, yielding lead, tin, platinum, and gold, with many of the more valuable of the 
precious stones, as the diamond, sapphire, ruby, and topaz. The native sites of these 
products have been broken down and reduced to gravel, and their mineral wealth removed 
with the debris. Lead is obtained from drift between lake Superior and the Mississippi ; tin 
occurs in the gravel of Mexico and Cornwall ; and pebbles of lead are found under similar 
circumstances in the vale of Clywdd in a sufficient quantity to be worth working. The 
drift is also highly fossiliferous, containing abundant remains of quadrupeds, mostly of 
extinct species, but belonging to extant genera, which are now however confined to regions 
far distant from the sites where the fossil species are met with. 
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Among the organic remains of the drifted clays or gravels, the skeletons of colossal 
herbivorous mammalia occur in great profusion, and are the most remarkablo, consisting 
of the elephant and mastodon — animals belonging to the proboscidian tribe, being fur- 
nished with a flexible trunk; the rhinoceros, the hippopotamus, the megatherium and 
megalonyx, the sivatherium, the horse, and the gigantic horned elk. 

Elejihunt-^ Elejihas primigenius of Blumenbach, Elephas fossile of Cuvier, and mam- 
moth of the Russians. — There are two species of the living elephant ; the Indian, inhabiting 
the warm countries of Asia, below 30° of north latitude, but flourishing the most, near to 
the equator ; and the African, ranging from Senegal to the Cape of Good Hope. The 
fossil elephant is a distinct species, but agrees more nearly with its Asiatic than with its 
African congener, its I'enmiiis being very widely distributed, and found in very high 
northern latitudes. Several species have been indicated from differences of form in the 
molar teeth; but the living animal will suffice for a general description of the extinct 
race, only supposing more colossal dimensions, a mane, and clotliing of long hair. Teeth, 
tusks, and bones of prodigious size have been met with in different parts of our own 
island, in the county of Northampton, at Gloucester, at Trenton, near Stafford, and 
Harwich, in the valleys of the Thames and Medway, in Salisbury Plain, and in Holder- 
ness, never occurring in the regular strata, but in the overlying drift. Tliey were 
noticed in the early periods of British history, and occupy a place in the old chronicles. 
By antiquaries they were once supposed to be the remains of elephants brought over by 
the armies of Rome — an idea which comparative anatomy refuted, by showing their dis- 
cordance with the living species of the genus, and which was seen to be untenable by 
bones of hippopotami being found in connection with them — animals which never could 
have travelled in the train of the Roman legions. Fossil elephantine remains have been 
dug up in Ireland and Scotland, in Iceland and Sweden ; and with probability Cuvier 
conjectured that the bones of supposed giants, mentioned by Pontoppidan as having been 
found in Norway, were relics of these ancient animals. They have been repeatedly 
exhumed in North and South America, from the plain of Quito, from Mexico, and the 
United States ; and throughout Europe they are very generally distributed, appearing in 
abundance in some localities* Those particular spots, rich in elephantine remains, are at 
Seilberg, near Cronstadt, on the Necker ; at the village of Theide, near Brunswick ; in 
the valley of the Arno, near Florence ; and at Bielbecks, near Market Weighton in York- 
shire, in a gravel bed of very limited extent, occupying a hollow of the new red sand- 
stone. Blumenbach states, writing in 1803, that within his knowledge more than two 
hundred elephants had been found in Germany. It is, however, particularly in the 
severer latitudes of Asiatic Russia that the fossil elephant is common ; and there the 
ivory of the tusks is so far uninjured as to be used for ornamental purposes, and sought 
as an article of profit. To the natives of Siberia the animal is known as the nianimotli, 
signifying an animal of the earth, from the presumption that it was unable to endure the 
light of day, and actually lived beneath the surface of the soil, like the existing mole. 
According to Pallas, from the river Don to the promontory of Tchutskoinoss — the most 
easterly point of Asia — there is scarcely a stream the banks of which do not afford 
remains of the mammoth ; and one remarkable case in which the animal was found pre- 
served — both the entire skeleton and fleshy parts — and inspected by Mr. Adams, an 
academician of Petersburg, has attracted great attention. 

In the year 1799 a Tungusian fisherman named Schumachoff, who generally went to 
hunt and fish at the peninsula of Taraut, after the fishing season of the Lena was over, 
had constructed for his wife some cabins on the banks of the lake Oncoul, and had 
embarked to seek along the coast for mammoth tusks. During this expedition he one 
day observed a strange shapeless mass projecting from a hank, the nature of which he did 
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not understand, and which was at such an elevation as to be beyond his reach. The bank 
consisted of frozen earth covered with ice partially thawing in the* summer season. 
Returning to the same spot the succeeding year, 1800, he observed the object rather 
more disengaged, but still could not determine what it was ; but towards the end of the 
summer of 1^1, he could distinctly see that it was the frozen carcase of an enormous 
animal, the entire flank of which, and one of the tusks, had become exposed. The 
summer of 1802 was cold, and the animal remained in much the same state: but that of 
1808 was warmer than usual i and, the ice melting largely, the carcase became entirely 
disengaged, and fell down from the crag on a sand-bank forming part of the coast of the 
Arctic Ocean. In March 1804, SchumachofT came to the mammoth, carried off the tusks, 
which he sold to a merchant for the value of fifty rubles. In 1806 — the seventh year from 
the discovery — Mr. Adams, travelling in that distant and desert region, on an embassy to 
China with Count Golovkin, examined the animal, which still remained on the sand-bank 
where it had fallen, but in a greatly mutilated condition. The wandering fishermen had 
taken away large quantities of the flesh to feed their dogs ; the wild animals, white bears, 
wolves, wolverines, and foxes had also feasted on the carcase ; but the skeleton remained 
quite entire, with the exception of one of the fore-legs. The entire spine, the pelvis, one 
shoulder blade, and three legs were still held together by their ligaments, and by some 
remains of the skin ; the pupils of the eyes were still distinguishable ; the brain remained 
within the skull, but a good deal shrunk and dried ; and one of the ears was in excellent 
preservation, still retaining a tuft of strong bristly hair. The animal was a male, and 
had a long mane on the neck, but was not one of the largest size. The skin was ex- 
tremely thick and heavy, and as much was undestroyed as required the exertions of ten 
men to remove, which they accomplished with difficulty. Mr. Adams had the good for- 
tune to re-purchase the tusks from the merchant to whom they had been sold, and finally 
transported the whole skeleton to Petersburg, where it now is, in the museum of the 
Academy, exhibiting the following dimensions, — 9 feet 4 inches high, 16 feet 4 inches 
long, exclusive of the tusks, which are 9 feet 6 inches, measuring along the curve. The 
hair of the mammoth appears to have consisted of strong bristles, a foot or more in length, 
with another kind, more flexible, and a third, a reddish brown wool, growing among 
the roots of the long hair, Cuvier remarks upon this fact, as an undeniable proof that 
the animal belonged to a race of elephants with which we are now unacquainted, by no 
means adapted to dwell in the torrid zone, but adapted to a temperature which would 
soon be fatal to the existing Asiatic and African races from its cold. We shall, subse- 
quently, notice this consideration of climate, merely remarking, that the high latitudes 
now abounding with the “ tliick-ribbed ice** appear to have sustained an immense number 
of these colossal quadrupeds. There are islands in the Arctic Ocean, where the bones of 
the mammoth occur in prodigious abundance, which show no marks of detrition by a far 
transportation, and prove the exuberance of the race in the localities where their remains 
ore found. 

Mastodon, The animals of this proboscidian tribe constitute a distinct genus, of which 
there are no living species, but they are more nearly allied to the 
elephant than to any other existing race. The name is a com- 
pound of two Greek words, signifying mamillary teeth, referring 
to the principal character of the mastodon as distinct from its 
elephantine contemporary. The teeth are covered witli a thick 
and brilliant enamel, and with sharp points, which caused the 
animal for a long time to be regarded as carnivorous. The re- 
mains of seven species have been discovered, three in Europe, 
Tooth or the MftRtodon. two in South America, one in India, and one in North America. 



DILUVIUM. — DRIFT AND ERRATIC RLOCKS. 


755 


The latter is the Maztodon maximm of Cuvier, a colossal creature, armed with gigantic 
tusks. Parts of the skeleton found at Albany, on the Hudson river, were described by 
Dr. Mather in the year 1712, who deemed them the bones of giants, and regarded the 
discovery as confirming the sacred record, ‘‘ There were giants in the earth in those 
days.” Afterwards similar remains were found abundantly along the course of the 
OUo ; and the ** animal of the Ohio ” became the name of the unknown creature, till 
Cuvier originated its scientific denomination. Myriads of its bones occur along the 
river of the Osages, and indeed are commonly met with all over North America 
between the parallels of 33° and 43° north latitude, or in the country between Charles* 
town and Lake Erie, from near the coast of the Atlantic to the Pocky Mountains. 
Within these limits the principal locality is the Big Bone Lick in Kentucky, one of 
those marshy valleys containing brackish water, locally termed “ licks,” on account of 
the deer and other animals resorting to them. Here a vast number of bones of various 
extinct animals, accompanied with remains of plants, have been found imbedded in dark* 
coloured mud and gravel, the broken appearance, of which seems to indicate a long drift 
and the violent action of water. It has been estimated that the bones of one hundred 
mastodons, two hundred elephants, twenty buffaloes, two oxen, and two deer, have been 
carried from this marsh. The native Indians have long been acquainted with the 
gigantic quadrupeds entombed in their territory. According to an old tradition, they 
occupied it till, attacking the deer and buffalo created for their own use, the “ Mighty 
One above ” seized his thunder and killed them all, with the solitary exception of one of 
the largest males. He shook off the thunderbolts as they fell upon his massive head j but, 
being wounded in the side, fled at length to the great lakes, where he has continued to 
the present period. Mr. Darwin mentions a similar idea current among the native inha- 
bitants of South America respecting the mastodon, to that which the northern Asiatics 
entertain of the mammoth. Sailing down the river Parana, he found two immense skele- 
tons near each other, projecting in bold relief from a perpendicular cliff, and was told by 
the men in the canoe that they had often observed them, had wondered how they got 
there, and conceived, as the most probable theory, that they were the remains of huge 
burrowing animals. The great mastodon probably haunted marshy places, feeding upon 
the roots of the vegetables common to such sites. It was probably lower in stature than 
the Indian elephant, but more elongated. One of the most perfect skeletons is in the 
museum of Mr. Peale, at Pliiladelphia, eleven feet high, and fifteen feet long, found in the 
state of New York. 

Rhinoceros, — The range of this animal is now comparatively limited and exclusively 
tropical, being chiefly located in Southern Africa, the Asiatic islands, and India beyond 
the Ganges, the onc-horned rliinoceros occupying the two latter districts, and the two- 
horned the former. The remains of five extinct specit^s are noticed by Cuvier, three of 
large size, and all two-horned ; but altogether nine species are enumerated. They are 
very widely spread, and occur abundantly in the cold regions of the globe, towards the 
severe latitudes of the polar circle, as well as in all the temperate parts of Kurope. In 
short, wherever the bones of the fossil elephant are found, they are generally in con- 
nection with those of the now associate animal, the rhinoceros. Germany has furnished 
them in great ])rofusion ; and Italy likewise in immense quantities, but of a different 
species ; while the clay and gravel beds of our own country have been scarcely less pro- 
lific. Their first discovery with us was in 1668, upon digging a well at a village near 
Canterbury. As in the case of the mammoth, we have an instance of art entire rhino- 
ceros found buried in the sand on the banks of one of the tributaries of the Lena, in 64° 
north latitude, the head and feet of which are now preserved at Petersburg. The dis- 
covery was made in December 1771, and is described by Pallas. The animal was 
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clothed with long thick hair, as if adapted to sustain a Siberian temperature. The hair 
was particularly abundant on the limbs, while the existing species are totally deficient of 
it in these parts. Both with reference to the fossil elephants and rhinoceroses, no doubt 
can be entertained, that in the time of their living existence they were the inhabitants of 
the countries where their bones are found imbedded ; but it is extremely difficult to come 
to any satisfactory conclusion respecting the climate of the northern latitudes coincident 
with their era of life. On the one hand, the ice-entombed carcases, and their hair cloth- 
ing, indicate a temperature as rigorous in those regions as at the present period. On the 
other hand, the adaptation of the extant genera to tropical warmth — the occurrence of 
fossil crocodilians, tortoises, shells, and vegetables in the far north, allied in structure to 
those that are now peculiar to hot climates — and the difficulty of large animals finding 
subsistence — these are considerations which seem to require the hypothesis of a milder 
contemporaneous physical climate. It is true that the larger herbivorous quadrupeds are 
not now located where a luxuriant vegetation exists, the elephants and rhinoceroses of 
South Africa inhabiting a barren country ; but their present territory cannot be com- 
pared with the coasts of the Arctic Ocean, which are productive of little more than moss 
and lichens, and are annually covered for months with impenetrable ice and snow. Some 
have supposed, that as many modern animals migrate — for instance, the musk ox and 
reindeer of Melville Island — so the Siberian mammoths and rhinoceroses may have 
periodically departed southward at the approach of winter, to avoid the inclemency of 
the season and to obtain food j but such huge and unwieldy quadrupeds seem evidently 
unfitted for extensive locomotion, while to their contemporary crocodiles and tortoises 
long migrations were next to impossible. But if we embrace the idea of a warmer 
climate prevailing in the northern regions when these animals tenanted them, it is neces- 
sary to suppose an immediate reduction of the temperature to have been coincident with 
their destruction — one of the physical events accompanying the great inundation which 
annihilated their races ; for had not the mammoth been at once frozen and enclosed in its 
icy sepulchre, the carcase must have perished from the decomposing action of the 
elements. The subject is beset with difficulties, whatever view is taken of it, which defy 
intelligence to remove. 

Hippopotamus , — The living river-horse, occasionally found not less than seventeen 
feet long, fifteen in circumference, and seven in height, was formerly known in the 
lower regions of the Nile, and now inhabits the Ethiopic and Abyssinian lakes, with 
many of the great African rivers, to which it appears to be exclusively confined. If not 
the Behemoth of sacred literature, it is certain that no existing creature answers so well 
to the description ; — 

“ Come behold Behemoth, whom I have created as well as thyself ! 

lie feedeth on gross like the ox: 

Bars ot‘ brass are his bones ; 

His joints like masses of iron : 

He is the chief of the ways of God. 

Under the shady trees he reposeth ; 

In the covert of the reeds and the ooze ; 

While they overshadow him, the shady trees tremble ; 

The willows of the river, while they surround him. 

If the stream rage, be recoileth not ; 

He is unmoved, though Jordan rush against his mouth.” 

The fossil bones of hippopotami of several species, repeatedly met with in England, 
France, Germany, and especially Italy, show that tliese animals were formerly tenants 
of the northern hemisphere, and had a much wider geographical range than at present. 
In the years 1809 and 1810 Cuvier found in the museum of Florence, and in the 
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Academy of the vale of the Arno, such an abundance of tlie remains of the hippopotamus 
that he had little difficulty in recomposing a skeleton. Tliey had been obtained from the 
sand hills at the base of the mountains which nearly shut in that beautiful valley, where 
also the elephantine remains are so common, with relics of several other departed animal 
races. He removed a considerable quantity to Paris, purchased from the peasants ; and 
in 1816 an almost entire skeleton was found, now in the cabinet of the Grand Duke. 
The Hippopotamus major of Cuvier resembles the present African species so much tlmt 
an attentive comparison is required to distinguish them. 

Megatherium . — This leviathan of the vast plains of South America, which were once 
occupied by immense numbers of the race now entirely extinct, partakes of the generic 
character of the existing diminutive sloths. It rivalled in size the largest rhinoceros, 
was armed with claws of enormous length and power, its whole frame possessing an 
extreme degree of solidity. With a head and neck like those of the sloth, its legs and 
feet exhibit the character of the armadillo and the ant-eater. Some specimens of the 
animal give the measurement of five feet across the haunches, and the thigh bone was 
nearly three times as thick as that of the elephant. The spinal marrow must have been 
a foot in diameter, and the tail, at the part nearest the body, twice as large, or six feet 
in circumference. The girth of the body was fourteen feet and a half, and the length 
eighteen feet. The teeth were admirably adapted for cutting vegetable substances, and 
the general structure and strength of the frame for tearing up the ground in search 
of roots, wrenching off the branches of trees, and uprooting their trunks, on which 
it principally fed. Heavily constructed, and ponderously accoutred,” says Dr. Buckland, 
in his eloquent description of the megatherium, ‘‘it could neither run, nor leap, nor 
climb, nor burrow under the ground ; and all its movements must have been necessarily 
slow. But what need of rapid locomotion to an animal whose occupation, of digging 
roots for food, was almost stationary ? And what need of speed, for flight from foes, 
to a creature whose giant carcase was encased in an impenetrable cuirass, and who, 
by a single pat of his [)aw, or lash of his tail, could in an instant have demolished 
the couguar or the crocodile ? Secure within the panoply of his strong armour, where was 
the enemy that would dare encounter this leviathan of the Pampas? or in what more 
powerful creature can we find the cause that has effected the extirpation of his race? 
His entire frame was an apparatus of colossal mechanism, adapted exactly to the work 
it had to do. Strong and ponderous in proportion as this work was heavy, and calculated 
to be the vehicle of life and enjoyment to a gigantic race of quadrupeds, which, though 
they have ceased to be counted among the living inhabitants of our planet, have in their 
fossil bones left behind them imperishable monuments of the consummate skill with 
which they were constructed.” Since this passage was written, it has been shown by 
Professor Owen that the megatherium was not encased with a bony armour, like the 
armadillo, as is here assumed, and that the tessellated shell or case, found in one instance 
with some remains, which led to the surmise, belonged to another contemporaneous 
extinct animal, nearly as colossal, which he has called the Glyptodon, discovered near 
Monte Video, by Sir Woodbine Parish. 

The megatherium is peculiar to America, and has been chiefly found in the southern 
part of the continent, though bones of the animal have been obtained from the island 
of Skiddaway on the coast of Georgia. The first skeleton, almost entire, was discovered 
in excavations made on the banks of the river Luxan, not far from Buenos Ayres, at 
the depth of a hundred feet. It was sent to Spain by the viceroy, the Marquis of 
Loreto, in the year 1785, and placed in the royal cabinet at Madrid. A second arrived 
from Lima in 1795, and a third was found in Paraguay, from which locality it obtained 
the name of “the animal of Paraguay.” More recently Sir Woodbine Parish pro- 
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cured some remains discovered in the river Solado, which runs through the Pampas of 
Buenos Ayres. After several unusually dry seasons the waters were lowcjred to an 
extraordinary degree, and a skeleton was exposed standing upright in the bed of the 
river. Two more were subsequently secured by the same party, and in 1839 the 
interesting discovery was made of a nearly perfect adult megatherium, on the banks of 
the Rio de la Matanza. There were all the vertebrae of the body, the ribs, the teeth, 
the head, the legs, and every part excepting the tail and one foot, with a perfect young 
one, so small that the epoch of destruction must have transpired almost immediately 
after its birth. Mr. Darwin met with remains extensively in various parts of the great 
Parapean formation ; and particularly, in one spot on the coast, near to Bahia Blanca, 
he found imbedded in gravel and reddish mud, within the space of about two hundred 
yards square, many bones of the megatherium, and the allied animals, the megalonyx, 
mylodon and scelidotherium, all gigantic quadrupeds. The megalonyx had longer 
and sharper claws, was somewhat smaller, but of the size of the ox. It was first 
described by President Jefferson, from relics found in the nitre caverns of Virginia, 
who entirely mistook its character, supposing it a carnivorous animal, an error which 
prevailed till Cuvier established its analogies with the sloths. Of the mylodon, a closely 
related animal of little inferior size, a skeleton, nearly perfect, obtained from the 
neighbourhood of Buenos Ayres, measures eleven feet in length, and nine feet nine 
inches for the circumference of the trunk. The scelidotherium, a creature of the same 
order, was as large as the rhinoceros, and resembled in its structure the Cape ant-eater 
and the armadilloes. What is most remarkable in these ancient inhabitants of the 
American continent, and without a parallel, is the immense proportions of the extinct 
megatheridse, and the diminutive size of the existing related animals. 

Sivatherium, — From the drift of the Sivalik hills, a sub-range of the Himalaya on the 
southern side. Dr. Falconer and Captain Cautley have brought to light this extinct 
animal, styled after the locality, which appears to form a link intermediate between the 
ruminants and the ptichydermata. The living creature .probably resembled an immense 
antdope or gnu, had two pairs of persistent horns cresting a short thick head, the struc- 
ture of the snout indicating that it was furnished with a trunk. From the Sivalik hills 
the remains of all the preceding animals noticed have been obtained, with the exception of 
the megatheridm, with many specimens of large ruminants allied to the giraffe, camel, elk, 
and deer. Collocated with them are the bones of a species of monkey, discovered also in 
the tertiary deposits of France ; and of two or more species of the horse, resembling the 
animal of the present day, but inferior in size, the largest not exceeding the zebra, and 
the smallest being about equal to a Shetland pony. The fossil horse is widely distributed 
through Europe and Asia. It is common also in North America, and was discovered by 
Mr. Darwin in several Pampean deposits in the South. Yet the native horse of the 
Western World vanished entirely from it, and remained utterly unknown there for ages 
after the epoch of Man commenced. “ Certainly,” remarks the naturalist just named, 
“ it is a marvellous fact in the history of the mammalia, that in South America a native 
horse should have lived and disappeared, to be succeeded in after ages by the countless 
herds descended from the few introduced by the Spanish colonists.” The history of the 
Old World, as far as it has been developed, presents nothing analogous to this. 

Gigantic homed Elk, — Of all the fossil ruminants, the stag with enormous antlers is 
the most celebrated, belonging to a species now lost, which appears to have been more 
common in Ireland than any where else, though found in England, Germany, France, on 
the Rhine, in Silesia, and in Lombardy. A magnificent and almost entire skeleton has 
been obtained from a bed of marl in the Isle of Man, at the depth of eighteen feet, and is 
now preserved in the museum at Edinburgh. The dimensions are six feet high, nine 
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feet long, and the whole height, to the tip of the right horn, rather more than nine feet 
and a half. The antlers dug out of a bed of marl near Drogheda, in Ireland, had the 
under-mentioned gigantic proportions: from the extreme tip of each horn, 10 feet 
10 inches ; from the tip of the right horn to its root, 5 feet 2 inches ; and IVoni the 
nearest tip of one horn to the nearest tip of the other, 3 feet 7^ inches. 

The remains of deer of unknown species, but allied to the red deer, rcindi^er, fallow 
deer, and musk deer, are very numerous, often associated with those of the horse, bear, 
dog, wolf, beaver, and ox, generally discordant with the existing races. The oxen differ 
from the present varieties in being larger, with the horns relatively more massive, and 
separated from each other at the ti|)s by a wider expansion. 

We are no doubt justified in ranking as contemporaneous formations with the drift 
containing the remains of the animals noticed, the osseous breccias and the ossifelDus 
deposits of ancient caverns, which have exercised so much the ingenuity of geologists. 
The former are fissures of certain rocks filled up, or partially so, with a conglomerate 
consisting of the bones of ruminants, pebbles, mud, and parts of sliells, ccmentc.d into a 
hard rock by a reddish calcareous concretion, the principal of which at present known are 
those of Gibraltar, of Antibes, and Kice. The latter have been described in the chapter 

on Caverns as having a floor of 
drifted sand and gravel, with bones, 
consolidated into a hard pavement. 
The wrecks of the mighty herbi- 
vorous animals noticed are cliiefly 
imbedded in the superficial drift, 
the bones of the caves consisting 
mainly of carnivora, extinct species 
of bears, wolves, weasels, foxes, 
hyeenas, and tigers. The conclu- 
sions indicated by these ossiferous 
caves are, that some of them were 
the dens of wild beasts, perhaps 
for a long period before the epoch 
of their destruction, which here de- 
voured their prey, leaving the bones 
to accumulate ; or that here several 
animals fled to escape from the 
inundation wliich effected their ex- 
tinction ; or that their remains were 
subsequently drifted hither with the 
sand and mud during the prevalence 
of the catastrophe which submerged 
the country they hud inhabited. 
Probably the ossiferous caverns are 
the result of all these causes. 

No trace of Man, or of any of 
his works, has been discovered in 
any formation so antique as those 
deposits of drift which are the 
tombs of the quadrupeds we have 
noticed. At a former period, when 

Suppoaod Human Skeleton of Scheucheer. the drift was regarded as the pro- 

8c4 
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duct of the Noachian deluge, and hence received the name of diluvium, the absence of 
human bones in connection with the abundant remains of the animal races was viewed with 
surprise; and, eager to detect the presence of the antediluvian man in accumulations 
which were believed to be the work of the Noachian flood, several inquirers fell into 
gross mistakes in interpreting some fossil relics. Thus Scheuchzer, a physician in the 
year 1726, described a scliistus rock from OEningen on the Rhine as containing the 
impression of a man, and wrote a dissertation upon the object, entitled Homo Diluvii 
testiSf remarking in another of his works, “ that it is indubitable, and that it contains a 
moiety, or nearly so, of the skeleton of a man ; that the substance even of the bones, 
nay more, of the flesh, and of parts still softer than the flesh, are there incorporated in 
the^tone; in a word, that it is one of the rarest relics which we possess of that cursed 
rac^f'vhich was overwhelmed by the waters.” This rare object was ultimately dis- 
poss&sed of its interest by being shown to be the remains of a salamander. Some 
human skeletons, along with articles of human fubri(;ation, have indeed been found 
imbedded in a rock in the island of Guadaloupe; but the rock is comparatively of very 
recent date — one of those coralline formations common in that archipelago, now in 
process of construction and augmentation from the fragments of corals detached by the 
waves. The skeletons were first discovered in 1805 by an officer of the colony, in 
which year the governor caused one to be extracted, in order to be transmitted to Paris, 
when the island surrendered to the English arms. Admiral Cochrane therefore for- 
warded it to England, where it is now deposited in the British Museum, conceived to be 
the skeleton of a Carib, its native bed being unquestionably of very modern date, com- 
posed of coralline debris. The remains of man have also been found in several ossiferous 
caverns, but under circumstances which show their recent accumulation. His bones are 
met with in turf-bogs and alluvial beds, in burying grounds and battle fields ; but no 
well-authenticated case exists to establish a conviction that he had come into existence 
when the extinct species of elephants and rhinoceroses, of mastodons and megatheridm, in 
vast herds occupied the earth, roamed the jungles, and browsed the herbs; or when those 
great catastrophes took place which annihilated these tribes, aggregated the drift, the 
osseous breccias, and the ossiferous deposits of the caves. Cuvier remarks, that human 
bones preserve equally well with those of animals, when placed in the same circum- 
stances; that there is no observable difference in this respect in Egypt between the 
mummies of men and those of quadrupeds ; that we do not find, in ancient fields of battle, 
that the skeletons of men are more wasted than those of horses, except in so far as they 
may be influenced by size ; and that the bones of animals as small as rats have been per- 
fectly well preserved as long as those of the gigantic mammoth. We may infer, there- 
fore, from the absence of human remains in the drift, and from the presence there of 
animals of extinct species, and, in several instances, of extinct genera, that its aggregation 
belongs to an epoch anterior to the appearance of man ; and various circumstances con- 
spire to prove, that it is not only more ancient than the era of the Noachian flood, but 
that it has been accumulated at distinct periods, and by the action of different causes. 

Scattered through the gravel, clay, and sand of the drift, and frequently occurring in 
an independent manner, there are masses of rock denominated erratic, from being found 
at a distance from the place of their origin. Owing to alluvial agency having removed 
the light accompanying debris from these blocks, they appear insulated upon the surface, 
sometimes forming rocking-stones, being so poised that a small force will make them 
oscillate. The size of some of these erratic blocks is enormous. That out of which the 
pedestal of the statue of Peter the Great at Petersburg was hewn, weighed fifteen hundred 
tons, and was an insulated drifted mass of granite, that lay on a marshy plain near the 
city, from whence it was removed on rollers and cannon-balls, while the ground of the 
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xnarsh was liard frozen. The Needle mountain in Dauphiny, described as erratic, is a 
thousand paces in circumference at the top, and two thousand at the base. Near Neuf- 
chatel a mass of granite occurs, forty feet high, fifty long, and twenty broad, estimated to 
weigh 3,800,000 pounds. On the Jura limestone mountains, at an elevation of 2000 feet 
above the Lake of Geneva, there are granitic blocks, the solid contents of which amount 
to 1200 cubic feet upon the Salere, to 2250 on the Cdteau de Boissy ; and the block 
called Pierre a Martin is mentioned by Mr. Greenough as containing even 10^96 cubic 
feet. The rock in Horeb, from which, according to monkish tradition, the leader of 
Israel miraculously drew water, is a mass of sienitic granite, six yards square, containing 
5823 cubic feet, lying insulated upon a plain near Mount Sinai. Professor Hitchcock 
remarks of the United States : — “In this country boulders occur of equal dimensiqps. 
Thus, on Cape Ann and its vicinity, I have not unfrequently met with blocks of sieriite 
not less than thirty feet in diameter ; and, in the south-east of Bradford county, I noticed 
one thirty feet square, which contains 27,000 cubic feet, and weighs not less than 2310 
tons. In the west part of Sandwich, on Cape Cod, I have seen many boulders of granitic 

^ ^ gneiss, twenty feet in diameter, 

1 1 \ _ which contain 8000 cubic feet, and 

_ weigh as much as 680 tons. Two 
' ~ T. ~ ' * ■ greywacke boulders of the same 

< ? SSS size lie a few rods distant from the 

^ ^ meeting-house in Norton, in Dr. 

^ '• > Bates’s garden. A granite boulder 

of equal dimensions lies about half 
^ ^ south-east of the ineeting- 

house in Warwick; and one of 
^ ) - “ A '' ” ^ similar dimensions lies on the west- 

■ ^ ^ ern slope of llosac mountain, at 

D J-- l(jast 1000 feet above the valley 

Drift near Cape Cod. whicli it muBt have been trans- 




!: ^ ” similar dimensions lies on the west- 

■ ^ ^ ern slope of llosac mountain, at 

D J-- l(jast 1000 feet above the valley 

Drift near Cape Cod. ^y^^ whicli it muBt have been trans- 

ported. One of granite lies at the foot of the cliffs at Gay Head, on Martha’s Vineyard, 
which is ninety feet in circumference, and weighs 1447 tons. At Fall river there 
is a boulder of conglomerate which originally weighed 5400 tons.” But the iu- 

stances are ^endless that might be 

Rocking Stone. Fall river. pldnS^TpruIsift, Poknd, Ld RuSSia, 

comprehending a zone of country near 2000 miles long and from 400 to 800 miles wide, 
are strewed with loose detritus and crystalline blocks of colossal size, all of which have 
been transported from the mountain masses of Scandinavia. 


Rocking Stone. Fall river. 




Block in Ferabrokeahire. 
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h Erideoce epi^ears of the drift, using the term oomprehensiyeljr, having been carried 
outward ftom the summits and axes of particular mountains, and spread over the plains 
and vall^s in their neighbourhood. The best example of this occurs in the Alps, where 
boulders have been usually carried down the valleys, and exist in the greatest abundance 
'opposite the lower openings of those valleys. Similar instances have been pointed out 

among the mountains of Scotland 
and those of the north of England. 
The plain of Metidja, on the south 
of Algiers, is described by Rozet, as 
covered in its northern parts by 
boulders derived from a long chain 
of hills running along its northern 
border, while its southern region is 
strewed with blocks from the Atlas 
chain which stretches along its south- 
ern limits. 

2. Viewed upon a larger scale, 
the drift affords evidence of having 
been dispersed in a general southerly 
direction over all the northern Iie- 
mispliere, often to a great distance, 
variously modified, however, by local obstructions. Dr. Buckland mentions pebbles and 
blocks of granite and seinite, of a very peculiar character, drifted from the Criffle 
mountain in Galloway, across the Solway Firth, and scattered over the plain of Carlisle ; 
while pebbles, and large blocks of another kind of granite, have been drifted in still 
greater numbers from Ravengluss, on tlie west of Cumberland, over the plains of 
Lancashire, Clieshire, and Staffoi’dshire, upon which they lie in masses of several tons 
weight. Professor Sedgwick states that the blocks of Shap granite, near Penrith, which 
cannot be confounded with other rocks in the north of England, are not only drifted 
over the hills near Appleby, but have been scattered over the plains of the new red 
sandstone, rolled over the great central chain of England, into the plains of Yorkshire, 
imbedded in the transported detritus of the Tees, and even carried to the eastern coast, 
a direction from the parent bed south by east. Another current of drift, found in the 
east of England, consisting of varieties of primitive and transition rocks which do not 
occur in this country, the origin of w’hich must be referred to Norway, has pursued a 
course south by west. On the Continent the evidence of a southerly direction is very 
apparent, the blocks and pebbles that are strewed over the plains of North Germany, 
Poland, and Russia, having their parent rocks in Sweden, Lapland, and Finland. Across 
the Atlantic the boulders spread over the southern part of Nova Scotia have been 
derived from the ledges in the northern part of the province ; and throughout Maine 
and Massachusetts the direction taken by the drift, as shown by a multitude of examples, 
is from north to south, varying a few points towards south-east or south-west In many 
parts of the states south of the western lakes, the surface is bestrewed with an immense 
number of fragments of primitive rocks, significantly called “lost rocks,” which may be 
traced to the north side of the lakes in Upper Canada. The great valley of the Mis- 
souri and Mississippi, from the Yellow- stone river almost to the Gulf of Mexico, is 
represented by Mr. Catlin as covered with vast quantities of blocks of primary rocks, 
which have been drifted thither from the north-west He describes five remarkable 
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6l6ek8 d* fr6tti i5' to 25 foet in diameter, on the Cdteau des Prairiei, to the 

west of Lake Sup^or, several hundred miles from the nearest rock of that kind in place, 
which lies northward. 

3. Mr. Darwin affirms, that in the intertropical parts of America, Africa, and Asia, 
erratic blocks have never been observed, nor at the Cape of G^ood Hope, nor in Australia. 
Though this complete limitation of them to the colder regions of the globe may be 
deemed an unsettled point, it is certain that such phenomena are far less frequent and 
extensive in equatorial countries. Beyond 41® of south latitude in South America, the 
appearance of drift is common, upon the vast plains of Patagonia and Chili. 

4. Rocks in situ, or in place, very frequently exhibit a marking with fine linear striie 
or scratches, larger grooves, and even furrows, with a smooth and polished aspect of the 
surface, like that which the rapid passage of heavy masses over them would produce. 
Transatlantic facts of this description have been carefully collected by Professors 
Hitchcock and Rogers, from whom a few particulars may be introduced. In various 
parts of Massachusetts the striae are very obvious and distinct, frequent on the hard 
sienitic rocks, though often these are merely smoothed, and sometimes polished. They 
are visible on the gneiss at the top of tiie Wachusett mountain, the highest in the 
eastern part of the state, 2000 feet above the ocean. The precipitous hills and the 
lower grounds of the Connecticut river valley are covered with them, their direction 
being north and south, inclining a few points east of south, and west of north. Mount 
Everett, 2600 feet above the sea level, has been worn over its whole surface, and the 
striae are very visible in many places, though so long exposed naked to atmospheric 
and decomposing agencies. Mount Monadnoc, 3250 feet high, little else than a naked 
mass of mica-slate, of peculiar character, and almost destitute of stratification, has been 
from top to bottom scarified and scratched, the striae running about north-west and 
south-east. Similar markings appear on the summits of all the Appallachian chain 
in Pennsylvania, which observe the same direction, and particularly, around the Wyoming 
valley the tops of the mountains are covered with parallel striae. It is impossible, says 
one of the authorities named, to stand upon these lofty and precipitous ridges, and witness 
this phenomenon, witliout being struck with the great power and extent of the agency that 
has thus left its traces upon some of the most elevated spots in New England. The cut 

on the next page will con- 
vey an idea of the effect in 
question, a surface of rock 
smoothed and striated. The 
same appearances have 
been noticed in North 
Wales, on the Corstorphine 
hills near Edinburgh, and 
other parts of Scotland, in 
Sweden and North Russia. 
In some instances the tops 
of ledges of rock appear to 
have been crushed, and 
bent obliquely by the pres- 
sure upon them of an enor- 
Broken Ledge* of Slate. mous load in movement. 

In the annexed view, taken from a quarry of clay-slate in the state of Vermont, the 
perpendicular strata appear broken, and partially overturned, towards the summit. 

The occurrence of drift, and of erratic blocks, constitutes one of the most complicated 
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and difficult problems of geology; nor has any theory yet been proposed offering -a 
solution of it which is perfectly satisfactory. Some reasons have already been assigned 
for rejecting the long prevalent opinion that these phenomena resulted from the deluge 

— ^ T— “ of Noah; namely, the presence of animals 

^ of extinct species, and some of extinct ge- 

> . I nera in the drift, with the absence of the 

r ^ - remains of human beings, and of all vestiges 

g I - ^ ^ . - ' ' ^ h of the arts and operations of man: and, in 

^ - ‘ \ 1 - addition, it may be remarked, that if that 

J event was local, confined to a part of south- 

' . - western Asia, as we have previously argued, 

~ • it is further inadmissible as an explanation 

aaDiviifonioftheStrata. of effects Certainly common to the whole 

**®“^‘®* northern hemisphere, and to the southern 

extremities of America. But the single consideration that the vast masses of gravel and 
blocks strewed over such extensive areas, do not belong to one violent and transitory 
period, but have been aggregated at different epochs, by causes sometimes operating 
feebly and slowly, and at other times violently and powerfully — the evidence of which 
is irresistible to those who have studied the subject — is amply sufficient by itself to 
disprove the idea of these accumulations being the consequence of the transient flood 
recorded in the sacred history. 

It would require a volume to detail and discuss the various views of scientific inquirers 
respecting the drift deposits. An outline of the principal theories will suffice. 1. The 
sudden elevation of chains of mountains, while yet wholly or in part beneath the waters, 
which, rushing away from the axis of elevation, would transport detritus and blocks in 
various directions, has been suggested to account for the phenomena. The Alps have 
been referred to, as supplying some evidence in favour of this view. They appear to 
have been upheaved, if not from the ocean, yet to a considerable height, after the 
deposition of the tertiary strata, lor patches of these strata are found capping their 
summits, and lying in their mountain valleys, while the drift is scattered in all directions 
from the central axis, on the Jura range, and on the plains of Lombardy. It is very 
likely that this has been influential in the production of drift; but though the paroxysmal 
elevation of a mountain chain from submergence would cause the waters to rush away 
violently from it, sweeping along a vast amount of detritus, yet a sudden and transient 
rush is inadequate to the effect, which in many instances evinces the action of a 
disturbing cause for a considerable length of time. 2. Strong currents, waves, and 
tides of the ocean, bearing icebergs upon their bosom, while the districts covered with 
far-borne detritus and blocks were beneath the sea, have been proposed to explain their 
accumulation upon them, the districts being subfeequently elevated. This theory has 
evidence in its favour, for in a former section we have noticed the transporting power 
of icebergs with reference to the solid materials of the land ; and it admits not of a doubt, 
that if the floor of the north Atlantic were now laid bare, we should see its surface 


covered with erratic blocks borne thither by the icy masses which annually melt away in 
its waters, derived from the shores of Greenland and Spitsbergen. But this can only 
be admitted as explaining part of the case, for it can scarcely apply to the drift con- 
taining the bones of the elephant and mastodon, with the other terrestrial quadrupeds. 
3. It has been conceived that a powerful and extensive subaqueous elevation took place 
in the arctic regions, driving the northern ocean southward, over Great Britain, the 
north of Europe and America, bearing along masses of ice, blocks, and detritus ; and 
• that this vertical movement of the bed of the polar deep transpired repeatedly, producing 
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successive waves of translation, which invaded the existing dry land, destroyed its 
organic life, and spread over it the various boulders and foreign debris that now appear 
upon its surface. This hypothesis receives support from several considerations. It is 
in harmony with the positive events of bygone ages, and of tlie present cpocdi, as in 
the formation of new islands, and the tremendous wave that shattered the coast of 
Portugal during the earthquake of Lisbon. It is mathematically demonstrable that 
sudden vertical elevations, each not exceeding 58 feet in the case of an ocean of 300 
or 400 feet in depth, would produce waves having the power of hurling on enormous 
blocks, sand, and gravel to vast distances, and over considerable inequalities, while it 
accounts for the southerly direction of the drift, and the frequent presence of sea-shells 
in the same sepulchre with the remains of land quadrupeds. 4. Agassiz, struck with 
the transporting force of glaciers, which advance by their own gravitation upon inclined 
surfaces, and break off masses of rock from the sides of the valleys, bearing them away 
to a distant locality in the course of years, has endeavoured to show that the drift 
around the flanks of th^ Alps has been abstracted from the mountains, and carried thither 
by ancient and more extensive glaciers, which once covered, in fact, the whole of 
Switzerland. Starting from this point, he has attempted to establish a general glacial 
theory, according to which a sudden reduction took place in the temperature of the 
Surface of the globe, at the close of the tertiary period, whereby all organic life was 
destroyed, and the northern regions were converted into one vast mer de glace^ which 
sent out enormous glaciers in a southerly direction. These he conceives to have 
smoothed, furrowed, and striated the rock-surfaces over wliich they passed, and to have 
carried along with them masses of entangled blocks and detritus, which were distri- 
buted far and wide, by the violent torrents occasioned through a raising of the tem- 
perature melting the glaciers. The development alone of this theory is due to Agassiz, 
for it was first suggested by M. Venetz, a Swiss engineer, and afterwards advocated by 
M. Charpentier. The reader will anticipate the chief difficulty in its way, the marked 
temporary alteration of the temperature, which could only have transpired through some 
transient derangement in the planetary relations of our globe. These ar(i the chief 
theories proposed respecting the deposits under consideration, and probably a variety of 
agencies, to which each hypothesis contributes, has operated in their production. 
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CHAPTER XIL 

ALLUnUM. — R5CENT FORMATIONS. 


The term diluvium, applied to the great col- 
lections of gravel and detached blocks, from 
the idea that they originated with the historic 
deluge, is still retained in such a connection, 
because those accumulations indicate the ex- 
traordinary action of water, either in the 
form of strong oceanic currents, while the 
localities were in a state of submergence, or 
of waves of translation overspreading the 
land, produced by submarine disturbance, or 
torrents proceeding from rapidly-melting gla- 
ciers. On the other hand, the term alluvium 
is used to denote those formations of the mo- 
dern and current epoch which result from the 
ordinary action of water ; and, etymologically, it can only be properly employed in rela- 
tion to aqueous products. But its more comprehensive application is sanctioned by usage, 



Cyclopean Remains, Myctme 





Ai^LUVIUM. — RKCSKX FORMATIONS. 707, 

and may ba gifanted in this place as a matter of convenience. It occurs therefore at the 
head of this chapter as a general title for those superficial formations which appear to 
have transpired since our planet received its present configuration of land and sea, and 
Man became its occupant and master, which are now in course of production, whether 
due to aqueous, igneous, atmospheric, organic, or human agency, the effects of one or of 
several of these causes combined. In some of these recent aggregations we meet with the 
remains of man and contemporaneous animals and plants, with human utensils and orna- 
ments also, characteristic of the ancient British age in our own country, the Etruscan 
in Italy, the Pelasgic in Greece, and the era of the Pharaohs along the banks of the Nile. 
But we discover no bones that can be specifically identified as those of the great quadru- 
peds of the drift, which probably mostly perished in those physical changes under which 
it accumulated, subsequent to which the present state of things commenced, and man, with 
the existing animal races, was created. Some have supposed, indeed, that America had 
its droves of mastodons and megatheridae browsing upon its savannahs down to a compa- 
ratively modern period ; and good evidence supports the idea, that the gigantic horned 
elk continued to be an inhabitant of Europe coexistent with the human race. Such con- 
clusions, supposing them to be established, are in harmony with the views already 
expressed respecting the first appearance of the present animal races as produced around 
several centres of creation, not contemporaneously, our sacred history dealing merely 
with one of those districts, the most recent, that in which the primitive man was 
placed. There is no difiiculty in conceiving of the extinction of some tribes of animals as 
the consequence of current events ; such as one of those unusually long droughts to 
which South America is occasionally subject, when, as during the gran seco, which lasted 
three successive years, it was calculated that from a million and a half to two millions of 
animals died exhausted by hunger, the borders of all the lakes and streamlets in the pro- 
vince of Buenos Ayres being long afterwards white with their bones. The case of the 
dodo, a large and remarkable bird existing in the Mauntius during the early voyages to 
the East, appears to be a well-authenticated instance of the death of a species in compa- 
ratively recent times ; and now of several races dangerous to man, or useful to him for 
their skins, it may be predicated that the period of their extinction is not very distant. 

Of formations contemporaneous with the present era, an arrangement may be adopted 
which classifies them according to the agency immediately operating in their production. 

1. Organic — coral reefs; peat-mosses or bogs; subterranean forests. 

Formations of coral — the agglutinated skeletons of departed races of coral animalcules, 
composed of carbonate of lime secreted from the ocean, with broken shells, echinites, and 
sand, all cemented together into hard calcareous rock — are among the most interesting 
organic constructions of modern as of ancient times, now in course of augmentation from 
the living swarms. Detail here will be unnecessary, having previously referred at large 
to the islands which owe their origin to these marvellous creatures ; and also to the sub- 
merged reefs advancing surely towards the surface of the waters, though at an excessively 
slow rate to us, which a slight submarine eruption might elevate into chains and clusters 
of islets, the agency undoubtedly which has uplifted some of the coralline formations of 
the Pacific thousands of feet above the deep. The island of Tahiti, composed almost 
entirely of volcanic rocks, has on the summit of its highest mountain a coralline stratum ; 
a similar bed occurs in the Isle of France, between two lava currents ; and all voyagers 
of modern date — Beechey, Quoy and Gaimard, Stutchberry, and Darwin — concur in 
the opinion that the coral reefs and islands proceeding in the Pacific do not go down 
many hundred feet below the surface of the waves, but rest upon submarine volcanic 
ridges and rocks. The cut in the next page represents species of three common genera 
of corals : Caryophyllia, the external character of the polyparium or stony skeleton of 
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a group of the animalcules, being cylindrical, either simple or branched ; Madrepora, 
character arborescent or frondescent ; and Meandrina, character either turbinated 
or globular, the surface more or less confluent, but marked with sinuous ridges and 
valleys. We have had occasion repeatedly to notice corals in the more ancient strata of 
the globe, especially in the Silurian rocks, evidencing the existence, in far remote ages, 
of kindred forms of vitality to those that now inhabit tlie ocean ; but their geographical 
range was then more extended than at present. Now it is tropical ; but then it reached 
to high latitudes, intimating the higher temperature of the northern seas, and the general 
prevalence of a warm climate, in the earlier stages of our planet’s history. 



Caryophyllia fuitigUta. 



Madrepora muricata. Menndrinrt labyrlnthlca. 


Feat-mosses or bogs are organic products, consisting of vegetable matter spread over 
extensive areas in northern latitudes ; for in tropical climates, except on high lands, the 
decomposition of vegetable substances proceeds so rapidly, that they are resolved into 
their ultimate elements before peat can be produced, or they are removed by insects. 
Accordingly, formations of this kind are limited chiefly to the colder regions of the globe. 
They are usually found in level situations, or on declivities abounding with springs, 
where varieties of plants are nourished, tlie decay of which produces a spongy vegetable 
mould, to which fresh contributions are annually made from the annual decay of new 
races. A morass, yielding and quivering to the tread, is the first product. This often 
becomes a firm deposit, as the accumulation increases, or when, from accidental causes, 
the mass is drained, or the supply of water ceases ; but frequently the upper part is hard, 
yet trembling,^ arising from the slight consistency of the substratum. These are called 
moving-bogs in Ireland, and quaking-mosses in Scotland, and are frequently perilous to 
travellers and cattle. Gilpin describes the Solway moss — a flat area, about seven miles 
in circumference, on the confines of England and Scotland— -as covered with grass and 
rushes, presenting a dry crust and fair appearance, but shaking under the least pressure, 
the bottom^ being unsound and semi-fluid. lie states that the adventurous passenger, 
who^ sometimes in dry seasons passes this perilous waste to save a few miles, picks his 
cautious way over the rushy tussocks as they appear before him, for here the soil is 
firmest ; but if his foot slip, or if he venture to desert this mark of security, it is possible 
he may never more be heard of. « At the battle of Solway, in the time of Henry VIII. 

( 4 ), when the Scotch army, commanded by Oliver Sinclair, was routed, an unfortunate 
troop of horse, driven by their fears, plunged into this morass, which instantly closed 
upon them. The tale was traditional, but it is now authenticated, a man and horse in 
complete armour having been found by peat-diggers in the place where it was always 
supposed the affair had happened. The skeleton of each was well preserved, and the 
aifierent parts of the armour easily distinguished.” 
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^ The composition of peat, according to Sir H. Davy’s analysis, consists of from sixty to 
ninety-nine parts of vegetable matter in the hundred, with a residuum of earths analogous 
to the subjacent strata, and oxide of iron. Three specimens obtained from different parts 
of the United States, upon analysis, yielded — 


^soluble^do^ organic matter * 

Sulphate of lime • . . . 

Phosphate of lime - - . . 

Silicates > • . . . 




r26<X) 

48-80 

34-00 



159-60 

43-60 

60-00 

- 

- 

4-48 

1-88 

1-36 

- 

- 

0-72 

0-12 

0-24 

- 

- 

9-20 

5-60 

4-40 



100-00 

100-00 

100-00 


Lichens, moss, reeds, grasses, heaths, and shrubs of several kinds may commonly be 
traced in peat; but one particular species of moss, the Sphagnum palustre^ enters into it most 
abundantly, the upper portion of which continues to flourish vigorously, while the lower 
portion decays and forms a soil. This contemporaneous vegetation and decay, proceeding 
for a series of years under favourable circumstances, rapidly forms a thick and extensive 
accumulation, embedding the trees that may have been growing in the locality, previously 
prostrated by the winds through the roots rotting. G^rge, earl of Cromartie, r^tes a 
remarkable case of the rapid formation of a peat district, in about half a century, between 
the years 1661 and 1699, near Loch Broaw, on the west of Ross-shire. In 1661, when 
nineteen years of age, he noticed the spot as a plain covered with standing wood, the 
trees being entirely leafless and stripped of their bark, evidently a pine forest in one of 
its last stages. Some years afterwards, when again in the neighbourhood, he found the 
plain completely denuded of its trees, and presenting the aspect of a flat green ground 
spread over with moss. Upon inquiring what had become of the trees, and who had car- 
ried them away, he was informed that they had been all uprooted by the winds, and lay 
underneath the green moss ; and before the year 1699, he states that the country people 
came there to dig turf and peat It appears that the fallen timber, upon being soa^d by 
the rains, flrst became coated with several species of fungi. An adhesive matter formed 
by the decay of these parasites, and washed off, rendered the soil with which it intermixed 
capable of retaining moisture, while the trunks of the trees prevented the rains from 
running off, thus giving rise to a marsh — a condition of the surface favouring the growth 
of mosses, which speedily took possession of it, and ultimately produced the peat. 

Vast peat districts occur abundantly in France, the Netherlands, Germany, Russia, the 
Canadas, Scotland, and Ireland, and are found in insulated situations in Iceland, the 
Shetlands, and the Falkland Islands. Ireland has such extensive formations, owing to 
the prevailing humidity and low temperature of the climate. They occupy nearly one- 
tenth of the surface ; or, excluding some small mountainous and detached patches, the 
total quantity of^bog has been estimated at 2,831,000 acres, of which 1,576,000 acres are 
flat red bog, capable of being reclaimed, and 1,255,000 are mountain bog, mostly convert- 
ible into pasture land. A single bog on the Shannon — that of Allen — extends fifty 
miles in length, by from two to three in breadth ; while the great peat marsh of Montoire, 
near the mouth of the Loire, has a circumference of fifty leagues. The beds, in some 
instances, have been dug into to the depth of twenty feet, and even to twice that thick- 
ness ; but such in general is their spongy nature, that a mass may usually be reduced by 
compression to about one-fifth of its original thickness. The rate at which a peat bog or 
moss advances varies so much under different circumstances, that we are precluded from 
forming any certain estimate of the antiquity of a formation, otherwise than from data 
supplied by imbedded animal and human relics. The coins of Gordian found in the peat 
at Groningen, and the Roman axes discovered in the peat of Yorkshire, throw light 
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a{>oii tibe date of t^oee deposits. In the Irish bogs it is very common to find the 
remains of aniimds of which no living specimens now exist in that country, nor have 
existed wkhui the era of authentic history— horns, and skulls of the elk and deer— so 
that their age goes back to a remote pe^ 

Peat-htosees have long been remarked for their antiseptic properties, or the power of 
pies ir yl ag animal substances from putrefaction; some striking instances of which are on 
reoord. Two human bodies, buried in moist peat, in Derbyshire, in 1674, about a yard 
below the surface, were found, nearly twenty-nine years afterwards, with the colour of 
the skin fair and natural, and the fiesh as soft as that of persons newly deceased. In 
June 1747, a Lincolnshire labourer, digging peat on one of the moors, discovered the 
body of a woman, a lady of the olden time, at the depth of six feet. The head and feet 
were nearly bent together, and the skin, nails, and hair were in a high state of preserv- 
ation. She wore leathern shoes or sandals, each cut out of a single piece of tanned ox- 
hide, folding about the foot and heel, and piked with iron. Chaucer mentions these piked 
shoes as part of the costume in his time ; and in the reign of Edward IV. they had so 
increased in length, that all who wore them beyond a certain length were to be mulcted, 
or have them cut shorter, in passing in or out of the city gates of London. For several 
centuries, therefore, the body had certainly lain in the peat. 

We have mentioned the semi-fluid condition of many peat-mosses below the surface 
crust, giving them a motion like that of a boat in water when subject to pressure. Hence, 
when overcharged in consequence of excessive rains, these swollen mosses have not unfre- 
quently burst ; and when occupying a high situation or declivity, their contents have 
been discharged with great violence upon a lower level, like a current of lava streaming 
from a volcano. Several cases of these inundations have occurred in recent times, the 
most remarkable of which transpired on the 16th of December 1772, in the instance of 
the Solway moss. This moss, already noticed as having entombed a troop of horse, occu- 
pied an area of 1300 acres, stretching along an eminence elevated from fifty to eighty feet 
above the fertile plain between it and the river Esk. The surface, of some consistency, 
vibrated to the tread, and might be easily pushed through with a pole, which descended 
without diflUculty from fifteen to twenty feet, showing the soft and watery state of the 
subjacent matter. After greater rains than had happened for nearly two centuries, the 
surface of the moss rose, owing to the waters accumulated in it not being able to find a 
vent, and at length broke, discharging itself upon the hapless valley of the Esk, an 
entirely new phenomenon in the life of its simple shepherds. What added to their terror 
and danger was the hour of the eruption, about eleven on the night of the 15th, when 
the inhabitants of the farms and hamlets of Eskdale had retired to their beds. Some were 
awakened by the strange noise of the eruption ; others by the cry of alarm which speedily 
rang through the valley ; and all awoke from their sleep to encounter in their cottages, 
or immediately upon opening their doors, a slowly rolling, resistless, and inexplicable 
deluge of black mud. The members of thirty-five families saved their lives with diflS- 
culty, but lost their agricultural produce, with many of their cattle ; and when the morn- 
ing shed light upon the scene, instead of fields, hedge-rows, and cottage gardens, there 
was a dark slimy torrent of half-consolidated peat earth, almost wholly covering some of 
the houses, and reaching up to the thatch of others. About four hundred acres were 
buried ; and but for the crawling motion of the semi-solid mass, and the occurrence of an 
intervening “gap” or broad gully, which diverted into an opposite direction a large 
quantity of the invading matter, but few of the Eskdale shepherds would have survived 
the calamity. Though these sudden inroads are few and far between, yet the peat-mosses 
steadily advance in extent and thickness by natural increase, where the conditions essen- 
tial to their growth remain unaltered ; and in a series of years great changes are effected 
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in particular locidities. This is observable in the neighbourhood of lakes, upon which the 
peat gains, altering their limits — a process which may be remarked at the upper end of 
Derwentwater, and around all the small mountain lakes of Wales, the completion of which 
appears in many of the Irish bogs, which were once lakes, in process of time conquered 
by the vegetable formations, and supplanted by spongy carbonaceous masses. 

Subterranean forests, consisting of branches of ^es, trunks uprooted or broken off, 
the roots retaining their natural position'^a proof that the trees grew upon the spot- 
are almost universally associated with peat wherever they occur, the soil of which now 
forms their sepulchre, though peat itself is found abundantly apart altogether from fallen 
timber. Upon the drainage of a low-lying forest being interrupted, the conversion of the 
site into a swamp would speedily follow, destroying the trees ; and upon their prostration 
by the winds through the process of natural decay, or the hold of the trunks upon the soil 
being loosened,* the entombment of the whole beneath peaty matter produced by vegetable 
accumulations would commence. In this way we may explain the occurrence of many 
of those subterranean forests that are found ; though in several parts of northern 
Europe, and especially in Great Britain, man appears to have been the agent in felling 
these forests, whose prostration acting as a dam to the surface waters, prevented their 
running off, produced morasses, the growth and decay of aquatic plants finally covering 
up the timber. Unable to contend with the arms and discipline of the Roman legions in 
pitched battles or in the open country, the ancient Britons took shelter in their woods, 
from which they annoyed the invaders by frequent incursions. It was the policy there- 
fore of the Roman generals to deprive the native inhabitants of these places of retreat by 
cutting down the forests, in which they not only employed their own troops, but the tribes 
previously subjugated. Hence Galgacus, in his speech before the battle with Agricola, 
warned his countrymen that these servile labours awaited them amid stripes and indig- 
nities should they be conquered, Such difficulties attended this plan of subjugation, with 
the building of his celebrated wall, and the construction of other works, that the emperor 
Severus is said to have lost fifty thousand men, though his army never met the Britons in 
the field. In particular the low level country of south Yorkshire and north Lincoln, is 
mentioned as an ancient primeval forest, which the invaders, taking advantage of a strong 
south-west wind, are supposed to have set on fire in various places, the pines readily 
burning, the unconsumed trees being felled with the axe. Hence in this locality, which 
continued for centuries an extensive swamp, a subterranean forest was discovered upon 
the draining of Hatfield Chase. From a valuable description of this operation and its 
singular revelations, drawn up by the Rev. A. de la Pryme, in the year 1701, the 
annexed particulars are gleaned : — 

The famous levels of Hatfield Chase in Yorkshire constituted the largest chase of red 
(leer in England belonging to Charles L, containing in all above 180,000 acres of land, 
about half of which Was yearly drowned by vast quantities of water. This being sold to 
Sir Cornelius Vermuiden, a Dutchman, he at length effectually dischased, drained, and 
reduced it to arable and pasture ground, at the immense cost of 400,000/. The soil of 
most of this marsh land, all round to the highlands of Lincolnshire and Yorkshire, has 
yielded vast multitudes of the roots and trunks of trees of all sizes, and of most of the 
sorts that our island either formerly produced, or does at present — pines, oaks, birch, 
beech, yew, thorn, willow, and ash — the roots of the greater part standing in the soil in 
their natural position, and the trunks lying by their proper roots. The smaller trees are 
found in all directions, but the larger ones commonly north-east. A third part of the 
trees were of the fir tribe, some thirty yards long and more, and in such condition as to 
be sold for the masts and keels of ships. Oaks, black as ebony, abounded, capable of 
being used ; and ash trees were the only ones found decayed. Many of the trees, espe- 
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dally the pines, bore marks of having been burnt ; others of having been chopped and 
split, with large wooden wedges in them, and broken axe-heads, somewhat like sacrificing- | 
axes in shape, and this under circumstances and at depths excluding all supposition that 
the site had been touched from the destruction of the forest to the time of the drainage. 
Near a large root in the parish of Hatfield several coins of the Homan emperors were dis- 
covered, much corroded and defaced by time; and, in other places, coins of Vespasian, 
axes, and links of chains. Hazel nuts, acorns, and bushels of fir-cones were commonly 
met with. Some of the trees were very large. An oak was four yards across at the 
base, three and a half yards in the middle, and two yards across the top, which was broken 
off, the length of the trunk remaining being forty yards. A fir tree also was thirty-six 
yards long, and estimated to be deficient at least fifteen yards, making in the whole fifty- 
one yards or 153 feet. Mr. Phillips states, that the highest tree of this kind that ever 
fell under his notice, was a spruce fir growing near Fountain’s Abbey, calculated to be 
118 feet above the grass. Mr. Pryme concludes upon Hatfield Chase being the site of an 
ancient forest which the Romans destroyed, partly with the axe and partly by fire, 
during the prevalence of a south-west wind, the strongest that blows in our island ; and 
hence the general direction of the larger trees being towards the north-east. De Luc 
remarks upon the aboriginal forests of Germany and Gaul, that they were largely destroyed 
by the Romans, in the same manner, and for a similar purpose, to those of Hercynia, 
Semana, and Ardennes, the remains of which would no doubt be found in equal abundance 
upon a removal of the soil that has since accumulated on their sites. 

2. Marine — shore silt ; sand drift ; submarine deposits ; submarine forests ; raised 
beaches. 

The agency of the ocean in producing geological changes, wearing away the land by its 
waves, tides, and currents, and conveying the detritus along with that received from the 
rivers to new sites ; the consequent washing up of silt along the existing shores from 
which new land is occasionally gained, with the drifts of the sand inland encroaching upon 
fertile territories when exposed to the action of winds prevailing in that direction ; these 
are incidents of physical geography which have been treated of in their place; and, 
though concealed from observation, it is plain that along the bed of the sea itself form- 
ations must be in constant process, which, if elevated into dry land, would be analogous 
to the systems of strata which compose our continents. Our knowledge of the bottom of 
the sea, with little exception, depends upon the simple apparatus of the mariner — a line 
and plummet — to ascertain the depth of water, with the addition of a little grease 
attached to the lower extremity of the plummet, to which particles adhere when it strikes 
against the bottom, from which we learn the quality of the soil. From a vast number 
of observations of tlie bed of the German Ocean, notoriously encumbered with sand- 
banks or great accumulations of debris^ Mr. Stevenson calculated their aggregate super- 
ficial extent to amount to no less than 27,443 square miles, or an area equal to about 
5J of the whole surface of that sea. To render these dimensions more familiar by 
comparison, it may be stated that Great Britain contains about 77,224 square miles, so 
that the area of the sand-banks bear a proportion equal to about one third of the whole 
terra firma of England and Scotland. Taking an average of the height of the banks, 
and the depth around each respectively, with their superficial area, the aggregate cubical 
contents of the whole of these immense collections of debris was estimated at no less 
than 2,241,248,568,110 of cubic yards, equal to twenty-eight feet of the firm ground 
of Great Britain in perpendicular height or depth supposing the surface to be a level 
plane. 

Submarine forests, traceable at low water, have been observed at various points along 
the coasts of the United States and France, those of Great Britain with its adjacent 
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islandS) and the shores of the Baltic. They serve to show that the sea has gained upon 
the land, either by the actual depression of the latter, or, more probably, by the vegeta- 
tion having grown upon low flat sites originally separated from the sea by mounds, 
through which the waters have gradually worn themselves a passage, or suddenly broken 
in the hour of storm and tempest, and submerged the territory. Raised beaches present 
us with phenomena which call for more extended remark. 

Beaches are composed of shingle or perfectly water -worn pebbles, and of sand, with 
shells, sea-weed, and other marine exuvim cast up by the waves, and they mark the line 
of junction between the land and the sea. But such beaches, lying beyond the present 
reach of the ocean, and forming terraces more or less parallel with the existing coast-line, 
are observed in various parts of the world. On the margin of Lubec Bay, in the state of 
Maine, there is a deposit of recent shells with sand and shingle, elevated twenty-six feet 
above the present high-water mark ; and at Plymouth and its neighbourhood, in our own 
island, the remains of an ancient beach are visible, of which the maximum elevation is 



Coast of Northern Greece from the Gulf of Corinth. 


about thirty feet, sloping gradually to the sea. Similar raised terraces of marine detritus, 
containing shells of existing species, occur along the coasts of Yorkshire, Lancashire, and 
Durham, at various points of the Scottish shores, and on those of Norway, France, Por- 
tugal, Sicily, Italy, Greece, the Cape of Good Hope, and the West Indies, the elevation 
above the present high-water line varying from 20 to 200 feet. It cannot be doubted 
that these beaches mark the former reach of the waves ; and in several instances the 
alteration in the level of the land appears to have taken place at different and distant 
intervals, for in the same locality a succession of terraces, rising one above another, may 
be observed. Six or seven lines of beach appear on the isle of J ura, one of the Hebrides, 

3 0 3 
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the lowest on a levd with high water, the highest about forty feet above it The rise of 
the land, in general gradual, and not by paroxysmal effort, is indicated by most of the 
phenomena in question, of which it is impossible certainly to assign the date, thoug 
referable to the modern epoch. It seems, indeed, a well-established fact, that various 
parts of our present continents are subject to vertical movements, either of elevation or 
depression, or of both alternately, and that in districts not known to have been visited 
in the historic period by the action of earthquakes, or of volcanic agency in any form. 

The oscillation of Norway and Sweden, rising in the northern and sinking in the 
southern parts, some points of the coast showing no vertical movement, was first afiirmed 
by Celsius upwards of two centuries ago, and has been investigated with great ability by 
Von Bfich and Mr. Lyell, the latter a sceptic as to the fact, till a personal examination of 
the country satisfied him of its correctness. From Gk)ttenburg to Tomea, and from 
thence to the North Cape — a distance of more than a thousand geographical miles — the 
country appears to have been raised up from 100 to 200 feet above the level of the sea. 
The breadth of the region thus elevated is not known, and the rate at which the land 
rises varies in different places. In some sites it has been estimated at four feet in a cen- 
tury. The evidence that such a movement is taking place, is derived from the measure- 
ment oi' the height of landmarks above the sea at various intervals, and from immense 
deposits of marine silt, containing the shells of mollusca now living in the Baltic, being 
found at the elevations named, with the barnacles attached to the rocks. One of these 
beaches, six miles from the present shore, and in some parts four or five hundred feet 
above the sea, may be traced for a great distance along the Trondheim fiord ; while a large 
stone near Trelleborg, marked by Linnaeus in 1749, is now a hundred feet nearer the 
shore than in liis time. Points of elevation occur distinctly on the coast of Sweden 
between Calmar and Gefle, while the coast, of Schonen is gradually subsiding. No traces 
of volcanic action are known to exist in these countries, nor have they ever been the seat 


of earthquakes during the historic era, nor would such paroxysmal events explain the 
}>henomena of gradual elevation and subsidence. The oscillation of the coast of the bay 
of Baioe, near Naples, as attested by the pillars of the temple of Jupiter Serapis, of which 
a view is here given, sufficiently illustrated by a preceding description, is more explicable 
in that region by the earthquakes of which it has been the focus, and by the gradual 
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shrinking and expansion of the strata in periods of vol- 
canic repose and activity. Some accurate experiments 
made by Colonel Totten on the expansion of rocks by 
heat, show that a block of granite five feet long, by a 
change of temperature of 96® Fahrenheit, expanded 
0*027792 inch, crystalline marble 0*03264 inch, and sand- 
stone 0*054914 inch. The temple of Serapis, built of 
course originally above high-water mark, sunk down a 
considerable depth below the level of the sea, was again 
re-elevated by the terrible events of September 1538, and 
is now gradually subsiding — the latter, probably, an effect 
due to the shrinking of the strata by the radiation of heat. 
Mr. Smith, in March, 1819, found its floor elevated about 
six inches above the level of the sea ; but, in May, 1845, 
he found it covered to the depth of 18 inches at low 
water, and 28^ at high tide, the sea being perfectly calm 
at the time. The custode of the building informed him 


that this change was progressive, amounting to about 1^ English inch per annum; and 


that in thirty years he knew of a difference of at least 3 feet 6 inches in the height of the 
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sea upon the piers of the bridge of Caligula, giving the same amount of subsidence 
yearly. 

Vertical movements, of elevation and subsidence, appear to be physical events of 
modern date in the history of the Isle of Wight. In the reign of James I., during an 
attempt to drain Brading Haven, a well was discovered near the middle, cased with stone, 
proving that the site had once been dry land, upon which man had planted his foot, and 
probably resided his habitation. This may be explained without recurring to an actual 
subsidence, by supposing the Haven to have been a low-lying level, protected from the 
ocean by a mound, through which the sea broke and took possession of the soil. But Sir 
Richard Worsley, in his history of the island, mentions the following particulars: — 
** Looking eastward from the elevated spot (St. Catherine's Hill) where the tower stands, 
two other hills are to be seen ; the nearest, which is about three miles distant, is called 
Week Down, over which, about a mile and a half farther, appears that called Shanklin 
Down, or Dunnose Head. Concerning these downs a singular circumstance is remarked 
by the inhabitants of Chale, of which the evidence seems unobjectionable. Shanklin 
Down may now be guessed to stand about a hundred feet higher than the summit of 
Week Down ; yet old persons, still living, affirm that within their remembrance Shanklin 
Down was hardly visible from St. Catherine’s : they declare, moreover, that in their youth 
old men have told them they knew the time when Shanklin Down could not be seen from 
Chale Down, but only from the top of the beacon, the old post of which stands near the 
chapel. This testimony, if allowed, argues either a sinking of the intermediate down, or 
a rising of one of the other hills.” However dubious we may be as to the foundation of 
this record, the evidence of such physical changes having occurred in recent times 
appears in every quarter of the globe, the raised beaches proving the instability of the 
level of land and sea, and the change of level to have been occasioned by a real displace- 
ment of land. On the banks of the Frith of Forth, near Burrowstowness, there is n bed 
of marine shells several feet in thickness, extending about three miles in length, now 
situated many feet above the level of the waters of the Forth. Klevated beaches appear 
along the west coast of South America, showing successive uprisings of the land — the 
effect of the earthquakes that have so frequently acted upon that part of the continent. 
By the catastrophe of Feb. 20. 1835 the land round the bay of Conception was perma- 
nently upraised two or three feet ; and the elevation was much greater in other places ; 
for Captain Fitzroy, about thirty miles distant, found beds of putrid muscle-shells still 
adhering to the rocks, ten feet above high-water mark, where the inhabitants had for- 
merly dived at low-water spring tides for these shells. 

3. Lacustrine — shore silt ; marls, calcareous, siliceous, and aluminous. 

Lakes, receiving a considerable river or many small runlets, act as settling pools to the 
dissolved or suspended matters conveyed into them from the adjacent districts, the waters 
running off through their natural outlets in a filtered condition. The debris brought into 
them consists ordinarily of fine particles ; but heavier sediments are introduced when the 
streams are in flood, and the transported material will be deposited in the bed of a lake 
at a greater or less distance from the point of entrance, according to the force with which 
the waters from the land rush into it. Where a lake has a considerable expansion, so that 
the winds act powerfully upon it, producing strong waves, a portion of the foreign matter 
is washed up upon the shores, forming beaches of silt and shingle, as in the bays of Lake 
Superior. The immense reservoirs of fresh water in North America present several 
instances of the phenomenon of raised beaches, appearing one above another, like the 
seats of an amphitheatre, at some distance from their present shores. Seven of these have 
been remarked near Cabot’s Head on lake Huron ; the highest overgrown with spruce 
firs, the next covered with trees and bushes of a smaller kind, the third with shrubs and 
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flowers, the fourth with moss and lichens, and the rest being destitute of vegetation. It 
is not the subsidence of the lake, but the elevation of the land, that is here indicated ; 
for, owing to the constant additions of detritus made to their bed, the natural tendency of 
the water of lakes is towards a rise of level. This effect transpires when no counteract- 
ing agencies operate, and appears in several of the Caledonian lochs. Mr. Stevenson 
mentions, in the case of Loch Lomond, the site of a house in the village of Luss as being 
permanently under the summer water mark, while the gable of another house became in 
danger of being washed down by the rise of the waters of the loch. 

Lacustrine deposits proceed most rapidly at the points of junction with the in-flowing 
rivers and streams, of which we have an example in the extensive alluvial formation pro- 
duced since the time of the Romans, in the lake of Geneva, where the Rhone pours its 
turbid and discoloured waters into it, bringing down a large amount of Alpine debris. 
At such points the disintegrated material is laid down, and the layer is gradually thick- 
ened and advanced forward by fresh accumulations, aquatic plants growing upon it form- 
ing peat by their annual decay, the shells of fresh-water molluscs and other organic 
exuvise becoming imbedded in the strata. It is easy to conceive of the entire obliteration 
of a lake by this process of shoaling up, first being converted into a swamp, and after- 
wards acquiring consistency so as to become a tract of firm cultivable soil, lying along the 
banks of the river from which it has sprung, or otherwise deserted by it, the parent river 
having been diverted into another direction. Such, in fact, has been the origin of many 
of the richest districts which are arable and pasture lands, of which we have the evidence 
in the presence of lacustrine shells, and the character of the beds in which they are depo- 
sited. Marls of various composition — calcareous, siliceous, and aluminous — are the 
most abundant and important formations of lacustrine origin. Calcareous marl is pro- 
duced partly by the deposition of the carbonate of lime from solution in the water, sup- 
plied to the lakes by means of springs, and partly by the decay of the shells of molluscous 
animals inhabiting their waters, an abundance of which, either entire or but little broken, 
likewise enter into it, with traces of clay and earthy matter. On this account it is fre- 
quently called shell-marl, and is of a soft friable nature ; but, when solidified, it receives 
the title of rock-marl. This product, so valuable in agriculture, may readily be detected 
when no trace of organic structure presents itself, by testing it with an acid — the oil of 
vitriol, aquafortis, muriatic acid, or strong vinegar — when, if the substance effervesce 
upon the acid being applied, it is proved to be genuine calcareous marl. In the United 
States, beds occur, several feet thick, and covering many hundred acres ; and, for the 
agriculturist of a future age, there appears from the following statement to be a suffi- 
cient supply in course of preparation: — “At Milk Pond, in New Jersey, countless 
myriads of bleached shells of the families of Limnceana and Peristomiana^ analogous to 
species now living in the adjoining waters, line and form the shores of the whole circum- 
ference of the lake to the length and depth of many fathoms. Thousands of tons of 
these small species, in a state of perfect whiteness, might be used for agricultural pur- 
poses. In one case a perforation was made ten or twelve feet deep, and did not pass 
through the mass. It forms the whole basin of the lake, and may at some future time 
become a tufaceous lacustrine deposit.” 

In the aluminous marl, clay predominates ; and, in the siliceous, silica, with little or no 
calcareous matter. The siliceous marl has been found to be almost entirely an organic 
aggregation, composed of the siliceous shields or skeletons of microscopic animalcules, 
which have lived and died in countless numbers in the pools at the bottom of which this 
substance has been deposited. The Berg^mehly or mountain-meal of San Flora in Tus- 
cany, is an identical lacustrine formation of the same vital origin ; and likewise the Bog 
Iron Or<^ a paste of fine earthy matter, strongly tinged with peroxide of iron, resembling 
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ihe mud of our common chalybeate springs, observable in ponds, ditches, and stagnant 
pools. Professor Bailey, of West Point in the United States, speaks of the elegant fragile 
animalcule of the bog iron ore, as occurring in immense quantities in the pools of tiiat 
neighbourhood, ‘‘ the bottoms of which,” he states, “ are literally covered in the first 
warm days of spring with a ferruginous-coloured mucous matter about a quarter of an 
inch thick, which, on examination by the microscope, proves to be filled with millions 
and millions of these exquisitely beautiful siliceous bodies. Every submerged stone, twig, 
and spear of grass is enveloped by them ; and the waving plume-like appearance of a 
filamentous body, covered in this manner, is often extremely elegant. Alcohol com- 
pletely dissolves the endochrome (soft colouring matter) of this species ; and the frus- 
trules (siliceous shields) are left as colourless as glass, and resist the action of fire.” The 
size of the animalcule is of the thickness of a human hair, one cubic inch of the iron 
ore containing 1,000,000,000,000 of the skeletons of these living beings ! 

4. Fluviatile — estuary deposits ; deltas ; marginal sediments ; terraces in valleys. 

Where rivers enter the sea with great force, the pebbly, sandy, argillaceous, and calca- 
reous sediments in their waters, with drift wood and organic ex u vim, may be carried far 
out into the heart of the ocean, and laid down upon its bed ; but generally speaking, 
owing to a gentler flow, or to tidal action periodically arresting their current, deposition 
proceeds rapidly at their mouths, giving rise to bars and shoals in estuaries, and to new 
land in the form of gradually increasing deltas. The quantity of water discharged by 
the Merrimac river, running by Lowell in Massachusetts, in 1838, w^as estimated by 
Dr. Dana at 219,598,840,800 cubic feet. The quantity of matter chemically and mecha- 
nically suspended in the water, he rated, after many experiments, at 1,678,343,810 pounds 
avoirdupois. In the Merrimac Print Works at Lowell, the annual amount of anthracite 
coal used is about 5000 tons ; and Dana calculated, that if the above mass of sediment 
brought down by the river had been coal, it would have sufficed to supply the works with 
fuel for the period of 167 years! The nature of the sediment transported by rivers 
depends of course upon the countries through which they flow. After leaving the lake 
of Geneva, the waters of the Rhone become chiefly charged with calcareous matter, the 


deposits from which along the shore of the Mediterranean, at the mouth of the river, are 
formed into solid beds of limestone. The mud of the Nile has been ascertained to consist 
of ^ of argillaceous earth, about ^ of carbonate of lime, and carbon, besides silica, 
oxide of iron, and carbonate of magnesia. Mr. Phillips remarks that materials of this 
description may be deposited together; but that, in the process of solidification, the 
arrangement of the particles may be so influenced by peculiar attractions, as to become 
rocks of the same character as the limestones, sandstones, and siliceous concretions of the 
ancient formations. But rivers all along their course originate deposits which largely 
modify their own channel ; and those that are periodically in flood contribute to a general 
rise of the adjacent land, by annually spreading over it fresh layers of soil. 

The appearance of terraces or 


Section of a terraced Valley. 


a/'-i. 
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a Upper terrace. 


b Lower terrace. 


c ExUting river. 


shelves of no great breadth, but level 
and distinct, covered with sand and 
pebbles, is a very common feature of 
river valleys. On this account they 
are here noticed, though it is quite 


g as probable that they are the monu- 


ments of lacustrine, and in some in- 
stances of marine, as of fluviatile 
action. Sometimes two or three occur 


in succession above each other, as in the diagram, and unquestionably they indicate levels 
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successively occupied by water; but whether that of lakes which have vanished through 
the bursting of some barrier, or of rivers which have cut their way down to a lower site 
through diluvial sediments, and lost part of their volume ; or whether there has bees 
a displacement of the land by elevation, and no actual subsidence of water, are points 
which remain open to discussion. The most striking example of these terrace construc- 
tions is known as the “parallel roads of Glen Roy,” so called from their perfect re- 
gularity, and resemblance to artificial embankments. Glen Roy is a highland valley in 
the district of Lochaber, divided into upper and lower, the upper division being al^ut 
four miles in length by one or more in breadth, bounded on the opposite sides by high 
mountains, from which two streams descend, and join their currents towards the centre. 
The united water forming the Roy then flows gradually to a rocky pass, through which 
it proceeds in a troubled course, and emerges into the wide, long, and sinuous valley of 
lower Glen Roy, where the terraces or parallel roads occur. Sir T. D. Lauder and 
Dr. Macculloch ascribe the terraces to the operations of a lake whose waters were suc- 
cessively lowered by the removal of obstructions from time to time, now represented by 
the stream that flows through the glen. 

5. Chemical and. Mineral — rock-salt ; calcareous tufa or travertine ; siliceous sinter ; 
bitumen. 

Chloride of sodium, or rock-salt, is deposited from solution in the waters of the ocean, 
of lakes, and springs ; but the formation is rarely visible from the circumstances under 
which it transpires, though at the bottom of sucli seas as the Mediterranean the depo- 
sition is supposed to be proceeding extensively, and in some of the cavities of the rocks 
along the shores it accumulates in such quantities as to be collected by the inhabitants. 
Tiie beds of the great salt lakes of Persia and Asia Minor are also composed of saline 
incrustations, with which the shores appear coated during the annual reduction of the 
water to a lower level in the summer season ; and table salt is largely obtained from 
saline springs in various countries by the artificial evaporation of the w^ater. These 
springs usually contain a greater proportion of salt than the waters of the ocean, those 
of Cheshire yielding 25 per cent., and of the United States from 10 to 20 per cent, 
whereas sea water rarely contains more than 4 per cent In the year 1829 the quantity 
of salt made from the springs in the United States amounted to 3,804,229 bushels ; but 
in 1835, from the Onondago springs in New York alone, 2,222,694 bushels were obtained, 
and 3,000,000 bushels from the Kenhaira springs in Virginia, the borings in some places 
extending to the depth of a thousand feet. 

Calcareous tufa or travertin, a deposit of carbonate of lime from springs and rivers 
holding the substance in solution, is a light, porous, vesicular mass when first produced, 
as the word tufa implies, but forms a solid limestone, sometimes even crystalline, upon 
exposure to the atmosphere, so as to be used for architectural purposes. The thermal 
waters of Central France, Hungary, Tuscany, and Campagna di Roma, yield it abun- 
dantly ; but it is also deposited by springs of the ordinary temperature, and is precipitated 
by the Tuscan rivers as well as those of Asia Minor. In the vicinity of Rome some of 
the calcareous tufa cannot easily be distinguished from statuary marble ; and that which 
is constantly forming near Tabreez, in Persia, is a beautiful variety of semi-transparent 
marble or alabaster. The concretionary calcareous deposits formed in caverns, the sta- 
lactites depending from the roof, and the stalagmites resting on the floor, ate similar pro- 
ductions. Siliceous sinter is an aggregation of successive films or scales of silica (sinter^ 
a scale), formed from the waters of thermal or hot springs, which sometimes hold that 
earth in solution. The chief sites of its production are at the Goysers in Iceland, where 
a siliceous deposit, nearly a mile in diameter and twelve feet thick, occurs ; and in the 
Azores, where elevations of siliceous matter are found thirty feet high. In these dis- 
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tricts the stems and leaves of the frailest plants, exposed to the action of the waters, 
become incrusted with silex, and may be seen in various stages of petrification, slightly 
covered with the deposit, or completely permeated by it, and hardened into stone. 

Bituminous matters, in the form of naphtha, the most limpid of the bitumens ; of petro- 
leum, or rock oil, a thicker liquid ; of mineral pitch, wliich shows consolidation *, and of 
asphalte, in which the substance is so far solidified as to become brittle, are plentifully 
exuded from the surface of the earth in various countries, in the Birman Empire, around 
the Caspian Sea, in Palestine, Greece, Italy, and the United States, either in an insulated 
state, or impregnating springs and pools. The various bitumens are supposed to be pro- 
duced from vegetable matter buried in the earth, by the processes by which vegetable 
substances are ultimately converted into coal, the force of internal heat driving the pro- 
duct to the surface, which it reaches through chinks and fissures in the strata. The great 
abundance of bituminous matter now in course of production, and the manner in which 
it becomes incorporated with layers of soil, are highly interesting points to the geologist, 
because they enable him to explain the bituminous character of many of the older rocks 
in which no appearance of vegetable structure can be detected. 

6. Volcanic — lava ; obsidian ; pumice ; mud, scoriae, and ashes, with gaseous pro- 
ducts. 

The points of volcanic eruption at present in action, or of which we have any record 

of action during the historic pe- 



riod, are few in number when com- 
pared with those conical masses 
whose cratcriform summits and 
composition proclaim their igne- 
ous origin and former office. The 
annexed chart represents one of 
these ancient causes of geological 
change, an extinct volcano in the 
isle of Palma, one of the Canaries, 
a group of islands all ol which 
are of volcanic formation. It is 
impossible to define the period 
that has elapsed since the era of 
repose commenced in relation to 
these ancient furnaces ; but some 
may bo supposed to have been 
active during the age of man ; 
while in the case of Etna we have 
an example of one of unimpaired 
energy, whose fires were burning 
long before he appeared upon the 
earth, or during the tertiary 
epoch. There are a few volcanic 
vents which have been constantly 



Chart of the I*lc of Talma, showing the Crater. 


erupting since their phenomena 
have Ixjcn chronicled, always con- 
taining lava in a state of ebul- 
lition, and emitting gaseous exha- 
lations. Stromboli, in the Lipari 


Isles, is one of this class, of which we have accounts which go back two thousand years; 



780 


GEOLOGY. 


and daring that space of time its operations have been unceasing, though very rarely 
violent. Lava never flows over the top of the crater, but it is occasionally discharged 
through fissures into the sea, killing the fish ; and Stromboli has been observed to be 

_ more active in stormy than 

weather, likewise in 

- winter than in summer — 

V A — ' ^ explained by the 

nie of Palma. different degrees of pressure 

exerted by the atmosphere upon the lava at different times. The internal force pre- 
dominates when the atmospheric pressure is lessened. In most cases, however, the 
operation of active volcanoes is paroxysmal, an interval of repose following any marked 
display of energy, the time of dormancy varying from a few months to many centuries. 
With a very slight interruption, Vesuvius slumbered from the year 1306 to 1631, or for 
three and a quarter centuries ; but, in the island of Ischia, seventeen centuries have been 
known to intervene between two eruptions. Hence it follows, that as the civilised 
world has only been acquainted with the western continent for a comparatively brief 
period, while a knowledge of its phenomena is still more recent, some of those Andean 
peaks, Chimborazo in Quito, Tacoza in Peru, and Nerado de Toluco in Mexico, which 
are regarded as extinct volcanoes, may yet break forth, and show themselves to belong 
to the intermittent class. 

Volcanic formations consist principally of lava, or melted rock -matter, which is either 
upheaved by immense mechanical pressure tlirough the hollow interior, so as to flow from 
the top of the volcano in eruption ; or, as is usually the case, it makes for itself lateral 
passages on the flanks of the mountain, and overspreads the adjacent districts, sometimes 
to a considerable distance, filling up valleys, dividing streams and diverting their course, 
and elevating plains by adding broad and thick expanses of material to them. Lava is 
chiefly composed of the two minerals, felspar and augite, with titaniferous iron. When 
the felspar predominates, light-coloured lavas are the result, called felspathic or trachytic; 
but when the augite is in excess, dark varieties, augitic or basaltic lavas are produced. 
Other simple minerals occur, upwards of a hundred species having been noticed in the 
single instance of Vesuvius, but entering in very inconsiderable proportions into its pro- 
ducts. Besides varying in chemical composition, the character of lava is greatly modified 
by the circumstances under which it is cooled down, compact rock resulting from cooling 
under pressure, but a porous, fibrous, and light material being produced when cooled with 
the sole weight of the atmosphere upon it. If we suppose a current of matter of the con- 
sistency of honey, we shall have a tolerably correct picture of a stream of lava, which, as it 
moves over a district, is not thinned but walled at the sides, and, a crust soon forming upon 
the surface, tends still more to prevent it spreading out laterally. Hence it is sometimes 
possible, when the ground favours the attempt, to deflect one of these fiery floods from 
its course by attacking the sides and removing the crust, which has succeeded in turning 
it away from towns that were threatened by it. In one instance the inhabitants of Catania 
assailed a lava current in this way to divert it from their city, when the people of another 
locality, who were placed in jeopardy, took up arms to resist the operation. Lava rapidly 
cools externally; but the crust formed being a very bad conductor of heat, the interior of the 
mass remains hot, semi-fluid, and moves on after the surface has solidified. The stream 
thrown out of Etna in 1819 was in motion at the rate of a yard per day, nine months 
after the erup^on ; and another from the same mountain is stated not to have become 
completely consolidated and at rest ten years after its emission. Dr. Daubeny states, 
speaking of temperature, that some days after ejection lava has raised the thermometer 
from 59® to 95® at the distance of twelve feet, while, three feet off, the heat greatly 
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exceeded that of boiling water; that it has rendered a mass of lead fluid in four minutes, 
when the same mass, placed on red-hot iron, would have required double that time to 
enter into fusion ; and that even stones have been melted when thrown into the lavas 
of Etna and Vesuvius. 

Obsidian, another volcanic product, is a black glassy lava, containing a large propor- 
tion of silica, named, according to Pliny, after its first observer, Obsidius. Scorite, | 
cinders, ashes, and stones are identical in mineral composition with the lava currents, and | 
are portions, of them, abstracted while yet in the fiery funnel, and shot upwards by the i 
explosive energies in operation. Vesuvius — of which a view of the crater is annexed as i 

it appeared in 1829, — at its 
first recorded eruption, in 
A. D. 79, ejected scorias and 
ashes vastly exceeding its 
own bulk, which buried for 
ages Herculaneum and Pom. 
peii ; and its eruptions con- 
tinued to bo of the same 
nature for more than a thou- 
sand years, the first observed 
flow of lava occurring in 
the year 1066. Ashes from 
its summit have repeatedly 
fallen at Constantinople, in 
Egypt, and in Syria ; and 
among its peculiarities the 
emission of boiling water | 
from its flanks has been | 
often remarked. This is 
not uncommon witli refer- 
ence to transatlantic volca- 
noes, together with torrents of mud — a compost of water and ashes — forming a fetid : 
clay. The power exerted by volcanic agency may be estimated by the amount of matter 
protruded, by the distance to which masses of rock have been projected, and by calculat- : 
ing the force requisite to raise lava to the tops of existing craters from their base. 
Vesuvius hurled stones eight pounds in weight to Pompeii, a distance of six miles, and 
has cast similar masses 2000 feet above its own summit ; while Cotopaxi has projected a 
block of 109 cubic yards in volume to the distance of nine miles. The annexed table 
gives the height of the respective volcanoes named above the sea, with the force requisite 
to cause lava to flow over their tops, and the initial velocity which such a force would 
produce: — 


Volcanoes. 

Height In Feet 

Force exerted upon 
the Lava. 

Initial Velocity per 
Second. 

Stromboli • 




2168 

176 atmospheres. 

.371 feet. 

Vesuvius - 




.8874 

314 

496 

Jorullo 




2942 

319 

502 

Hecla 




5106 

413 

570 

Etna 




10,892 

882 

832 

Tenerifle - 




12,464 

1009 

896 

Mount Kea. Sandwich Islands 


14,700 

1191 

966 

Popocatapetl 

. 

. 


17,712 

1435 

1062 

Mount Elias 

. 

• 


18,079 

1465 

1072 

Cotopaxi - 

- 



18,869 

1492 

1104 
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It must be borne in mind as almost certain, that the volcanic chimneys descend much 
further below the level of the sea than they rise above it — perhaps fifty times as much ; 
so that the actual force pressing upon the lava in its reservoir, and the initial velocity, 
are much greater than represented in the preceding table. It is obvious that the matter 
ejected by volcanic action must be brought up from an immense depth, or a single volcano 
would soon become exhausted, as the lava of one eruption frequently exceeds in amount 
what the whole mountain melted down could supply. The lava of Etna in 1669 covered 
eighty- four square miles'; and in 1660 the amount disgorged by the mountain was equal 
to twenty times its entire mass. The most prodigious masses accumulated by volcanic 
action have, however, transpired in Iceland, of which we have the following record of 
eruptions, since its first colonisation by the Norwegians at the commencement of the tenth 
century : — 


From Hecla, since the year - - - 

- 


- 1004 

22 

From Kattlagiaa Jokul ... 

- 


900 

7 

From Krabla - . - - . 

- 


- 1 724 

4 

In different parts of the Guldbringd Sysscl 

- 


. 1000 

3 

At sea - 

- 


- 158S 

2 

From the lake Grimsratn, in - 

- 


- 1716 

1 

From Eyafialla Jokul - . - - 

- 


- 1717 

1 

From Eyrefa Jokul, in - 

- 


- 1720 

1 

From Skaptar Jokul, in - - - 

- 


- 1783 

1 


42 


To the above list must be added the eruption of Hecla during the past year, 1845, which 
rivalled any of its former displays. On the night of September 2nd, the largest of the 
Orkney islands was covered with fine ashes, resembling ground pumice stones, during a 
violent storm. It was at once supposed that Hecla had been in eruption, though 400 
miles distant, as the wind blew from that quarter, and the ashes were volcanic. The 
surmise was afterwards confirmed by the statement, that the mountain, after reposing 
between sixty and seventy years, had again resumed its explosions, bursting asunder in 
two places at mid-day on September 2nd, and vomiting masses of molten matter. On the 
night of September 15th, the volcano resumed its activity, with loud subterranean 
detonations, heard over the whole island, and lava was projected to a distance of from 
twenty to thirty miles, killing numbers of cattle, and destroying a large extent of the 
finest pasturage. At the distance of two miles from the mountain, the fiery torrent was 
a mile in width, and from forty to fifty feet in depth. But though great geolo- 
gical changes are at present 
wrought by volcanic action, 
they are confined compara- 
tively to very limited areas ; 
and it has been estimated, | 
that while volcanic eruptions ! 
tend to increase the diameter i 
of the earth by adding to the ■ 
superficies at the expense of 
the interior, yet the mass of 
active and extinct mountains 
cannot be supposed to have 
augmented its diameter to 
the extent of two feet. Un- 
doubtedly, however, striking loc^al alterations transpire, as when such a mass as that of 



Volcano of jorullo. 
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Jorullo in Mexico, at a single bound, starts up from a level plain to the height of 1600 feet 
above the adjoining surface. 

To the preceding causes of geological change at present in action the agency of man 
must be added, who, during the brief period of the existence of his race, has contributed 
variously to modify his habitation, both involuntarily and by design. The human 
population finally mingle their remains with the superficial formations, while large 
draughts are continually made upon the strata to subserve the purposes of life, the 
material of our cities, temples, dwellings, and bridges, with the metallic products and 
carbonaceous matter in daily use, having been abstracted from the bowels of the earth. 
In many localities man has reclaimed land from the dominion of the ocean by artificial 
embankments, and now sows his corn where theie was a periodical inroad of the tidal 
waters ; and the degradation or elevation of the surface transpire in the prosecution of 
his industrial designs. But it is especially upon the occupation of a new country by the 
human race that a cycle of change commences in its physical character, which becomes 
most marked upon an extensive multiplication of the species. Forests are cleared away, 
producing a permanent effect upon the climate ; swamps are drained, and become pasture 
ground ; the wild animals are supplanted by the domestic varieties ; and the introduction 
of a new flora ensues, consisting of the leguminous plants and cereal grasses that 
accompany man in his migrations. How difierent Britain at present from the island 
upon wdiich Caesar landed, when extensive forests and vast morasses occupied the chief 
part of its area, and the bear, the wolf, and the beaver witc its tenants ; and within a 
far more limited period, a precisely parallel alteration has transpired across tlie Atlantic, 
as the efiect of colonisation by the civilised races. 
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CHAPTER Xm. 

GENEEAL INPICATIONB. 

HAT our globe existed through cycles of long duration be- 
fore man trod upon its surface, so that the time of its intel- 
lectual occupation is but a handbreadth in comparison with 
its whole length of days, is a point of which the evidence 
derived from the study of the terrestrial crust is irresistible. 
It is difficult to convey an adequate conception of the 
strength of that evidence to those who are not practical 
observers, but some parts of it are very striking and in- 
telligible. Let us imagine a person conversant with the 
history and details of architecture to go into an old manor- 
house, and he will be able approximately to estimate its 
antiquity, by observing its style to be Elizabethan, or to 
belong to the early Tudor period. But if, upon a more 
minute examination, he should discover a part diverse from 
the rest, a crypt, a doorway, or a keep, of a Norman or 
Saxon character, then his thoughts will go back to a more 
remote era than the date when the edifice in its present 
state was formed. A process of recurrence from one 
period to another more ancient is forced upon us by a!h 
actual inspection of existing rocks. Let us consider, for 
example, the old red sandstone, plainly a deposition in 
water of fine sand, clay, and gravel, tinged with oxide of 
iron. We know by what a slow process a mass of matter 
is formed by aqueous deposition, the aggregation and hard- 
ening of a very thin stratum requiring a longer interval 
i than our threescore years and ten. Macculloch states, that 
a Scottish lake does not shoal, or deposit mud and marl to 
remain at the bottom, at the rate of half a foot in a cen- 
tury, yet that country presents a vertical depth of far more than 3000 feet of this 
single formation, the aggregation of which, according to the ratio, involves a cycle equal 
to a hundred times the former presumed age of the earth. But in the lower range of the 
sandstone we meet with conglomerate, bearing similar relation to the mass in which it is 
imbedded, which a Saxon arch incorporated in an Elizabethan building would have to 
the edifice. The conglomerate consists of water-worn pebblps of granite, quartz, and 
other material, having no analogous character to that of the overlying formation. Here, 
then, we are constrained to go on to a still more remote antiquity, for the pebbles must 
have existed in their parent rocks, been detached from them, and eroded by long rolling 
on a solid bottom under water, before the deposition of the superjacent sandstone com- 
menced. Now, let us remember, that the tertiary, cretaceous, oolitic, saliferous, and 
carboniferous series of strata, have been successively produced subsequent to the old red 
sandstone, while the silurian rocks, the clay slates, mica-schists, and gneisses, were formed 
anterior to it by similar aqueous deposition, and we are compelled to extend the chro- 
nology of the earth’fa adamantine pavement to a period in comparison with which the 




GENERAL INDICATIONS. 


785 

duration of human society upon it dwindles into an unit, and to which the lapse of time 
since man was made in the image of God bears a less proportion, than the life of one 
cut off on the day of birth to that of the species. 

The opening verse of the Scriptures announces the fact of a dependant universe being | 
created by the Almighty, but assigns no date to the mighty operation. Geology demands i 
nothing beyond what this indefinite enunciation of the Creator’s work as to time supplies ; 
and theology, in the passage, requires only an acknowledgment of the will, power, and 
wisdom of the one God, in originating and superintending the terrestrial constitution. 
At a precise point of time, the earth, in its primordial elements, as we are left quite at 
liberty to conceive, was called into being, but the question is completely undetermined 
when that time was. An interval as long as the imagination can entertain may be 
placed between the first operation of Divine power and the subsequent arrangement of 
the globe for tlie habitation of man. Tlie record allows room enough for all those 
wonderful changes and transformations to transpire, the indubitable memorials of which 
are discovered in the deep and dark places of the earth, which, after ages of entombment, 
have been commanded to show themselves ; but yet, as if to prev ent man from becoming 
proud amid the triumphs of his genius, he is checked at once in the endeavour to measure 
the interval, the vastness of which he can discern, which will ever rcunain to us in the 
present state, invested with the obscurity that marks the number of the ocean’s sands. 
There has been, however, no little flippancy and contraction of mind evinced by many who 
have carped at the demands of geological time, for time is long or short according to the 
particular standard we employ in its measurement. The man of four-score years appears 
venerable when compared with the nestling infant in its mother’s arms, but becomes a 
very greenhorn by the side of Methusaleh ; and thus, the immense periods which terrestrial 
phenomena intimate, shrink into a span, in contrast with His duration at whose will they 
originated, and with the immortality for which we ourselves are d(‘,stined. 

That our globe also was the seat of animal and vegetable life, through a countless series 
of ages, before its occupation by the human species — that successive races flourished, 
decayed, and altogether vanished, long anterior to the appearance of man upon the stage 
of life — is a conclusion of which irrefragable evidence is afforded in the myriad forms of 
once animated existence, whose remains have been disinterred from their graves in the 
lias, gypsum-quarries, and chalk, and which enter almost exclusively into the composition 
of vast masses of mountain limestone. The earth is in truth a charnel-house, full of 
bones, sinews, shells, leaves, and prostrate trunks, and with consummate skill the botanist 
and comparative anatomist have traced the animal and vegetable forms indicated by the 
fragments gathered from the wreck of life. Ancient conditions of our planet have thus 
been restored, when stately ferns and graceful palms threw their shadows upon its surface, 
and herbivorous and carnivorous quadrupeds roamed in its forests ; when animat*; objects 
of uncouth shape swarmed in its rivers, and sported on its plains ; all, however, swept 
away antecedent to the human creation, and whose skeletons, after Iming washed in the 
ocean, were laid up in the solid masonry of the globe’s present superstru<;fure. Tin; cur- 
rent of popular opinion has run violently against statements of this kind ; for no sentiment 
has stronger hold of the common mind, than that all the alarming j)h<!nomcna of nature, 
with the existence of death in the animal kingdom, arc the pcnjil consequences of human 
transgression. Poetry has helped to extend and perpetuate this idea, whi(;h observation 
contradicts, and which a rational exegesis of the Scripture t(‘stimony has shown to be un- 
supported by the record from which it was primarily derived. 

** TIiuk iH-gan 

Outrage from lifeless things; but Discord Hrst, 

Daughter of Sin, among the irrational, 



786 


GEOLOGY. 


Death introduced, through fierce antipathy ; 

Beast now with beast ’gan war, and fowl with fowl, 

And fish with fish ; to graze the herb all leaving, 

Devour'd each other ; nor stood much in awe 
Of man, hut fled him ; or with countenance grim 
Glared on him passing.** 

It may be well to glance at the difficulties necessarily connected with the hypothesis, that 
the subjection of the animal creation to the law of death is an accident that befell it in 
consequence of the sin of man, and formed no part of the Creator’s original design. 
Examining the anatomical construction of the carnivorous races, the demonstration is 
complete, that they are organically adapted to prey upon each other, or subsist upon animal 
food. The lion has his canine teeth, claws and juices for digesting the fleshy material 
upon which he feeds, with instincts to direct him to it ; and arc we to suppose that this 
apparatus was originally given him without an office to perform ? or that it was an altera- 
tion subsequently introduced ? in fact, that he never became in reality a lion until some 
time after his formation ? The microscope has enabled us to detect animalcules, invisible 
to the naked eye, existing in myriad swarms upon leaves, grasses, and in drops of water ; 
and were these created before the event of human delinquency, or not till afterwards? 
The supposition that death came into the animal kingdom at that era, neccessarily involves 
the fact, that the numerous families of invisible animalcules were parts of a subsequent 
creation, for beforehand the herbivorous quadrupeds must have destroyed them by whole- 
sale, in walking the earth, or feeding on its plants. But it would be easy to show, that 
the law of death in the animal creation is a necessary adjunct of the law of reproduction, 
for without the regular removal of one generation of the species after another, the universal 
ruin of the whole would ensue, through failing nutrition. Revelation is not opposed to 
geology upon the point in question, for those passages of the former which treat of the 
sentence of death involve no other doctrine than that of its ap]>lication to man, and it has 
been very justly remarked, that man being threatened with death as the penalty of 
disobedience, seems very clearly to imply a knowledge on his part of the nature of the 
event, or the means of acquiring it by observation. 

Another general conclusion established by the ancient flora and fauna of the earth, is 
the former prevalence of a high temperature in northern latitudes, perhaps amounting to an 
ultra-tropical climate, or one wanner than at present exists upon the globe. The bones 
of the mammoth occurring in such profusion along the shores of the arctic ocean, and the 
banks of adjacent rivers, the Obi, Yenesi, and Lena ; the remains of extinct species of the 
elephant, rhinoceros, hippopotamus, lion, tiger, and hyaena, scattered tlirough the diluvium 
of almost every part of pjurope, the existing genera being confined almost exclusively to 
regions within the tropics ; the abundance of shells in the tertiaries of northern countries, 
the analogues of which are now found in tropical seas ; the extraordinary development 
both of the animals and plants of the secondary rocks, compared with that of living 
organic beings of a similar kind ; the tropical character of the flora of the coal formation, 
distributed around Baffin’s Bay, and even as far north as Melville island ; these are the 
leading facts for which it is impossible to account, but upon the assumption, that in early 
times the climate of the temperate and arctic zones possessed a temperature as elevated as 
that of equatorial latitudes in the present day, and probably more elevated, since the 
arborescent ferns, palms, equiseta, and lycopodiaceas of the carboniferous era are much 
larger than their existing tropical analogues. When we consider that all the unstratified 
rocks, the oldest granites, have evidently been in a melted state, and that the primary 
stratified formations have either been entirely fused, or so highly heated as to be able to 
assume a crystalline arrangement, the hypothesis of a globe cooling down gradually from 
a condition of igneous fluidity commends itself to attention ; and if this be admitted, we 
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may reasonably impute to internal heat the high temperature of the climate of far remote I 
ages, reduced to its present statical condition in the refrigeration of the surface by | 
radiation. Whatever be the true theory of volcanic action, whether the mechanical of 
Cordier, or the chemical of Daubeny, or both combined, each involves the existence of i 
heated fluid masses in the earth which the phenomena display, while thermal si>ring8 i 
occurring in regions far apart from any modern volcanoes, and the raising of the ^ 
temperature as we descend below the surface, point to a generally heated interior, it’ not 
to an “ ocean of molten rock,” not far below the external shell. 

It may be justly inferred also, that those causes which in former ages operated to 
modify the aspect of the earth, and those that are now in action, arc identical in their 
nature — atmospheric, aqueous, and igneous agencies. But this conclusion leaves it an 
open question, whether their intensity was not much greater in ancient than in modern 
eras. Mr. Lyell has answered here in the negative, contending that the causes of 
geological change now acting upon the globe, and with no more energy than at present, 
are amply sufficient to explain the revolutions which the crust of the earth itns undergone, 
all its fractures, elevations, and subsidences. No catastrophes are admitted into his creed 
greater than what now take place, and all effects which transcend any single effect of 
existing causes are resolved into the result of an agency repeating its play through an 
indefinite s(iries. Still, though an authority so eminent demands all resi>ect, there arc 
various considerations which favour the hypothesis, that while the geological processes of 
the current epoch are in all cases tlie antitypes of those which operated in remote eras, 
they are less intense than formerly. Thus vertical movements of the strata gradually 
transpiring to the amount of a few feet in a century, or suddenly occurring througli 
paroxysmal excitement, are among the events of the present era ; hut if the elevatory force 
has exerted its maximum energy during the historic p<*riod, it is difficult to conc(dve of a 
succession of such movements uplifting vast chains of mountains and continents, several 
thousand feet, as wc know to have taken place in early times. It may also b(^ ohservisd, 
that in passing through the series of secondary rocks, we have noticed sudden and 
remarkable changes in the organic remains of successive sysh'.ms of strata, which seem to 
intimate a long period of repose, followed by destructive catastrophes, and succeeded by 
restored tranquillity ; for the supposition tliat races of j)lants and animals became gradually 
extinct during periods of repose, new species gradually reidacing them by a hiwof rmture, 
is not sustained by the facts that are common to modern times. Thougli we have an 
example of the extinction of a species, as in the case of the dodo, and j)erhaps the Apteryx 
australis of New Zealand, no instance of the creation of a new species has been discovered 
during the history of the human race. Nor have we any specimen of the more important 
of the older rocks, stratified and unstratified, mica-schist, gneiss, granite, and syenite, 
having been produced during the present cycle of geological change. Granitic varieties 
indeed may still be elaborating in the bowels of the earth, where the deep volcano<»8 strike 
their roots, but their abundant obtrusion at the surface in by -gone ages at least proves a 
fiery activity operating then upon the superficies more powerful than the igneous agencies 
now brought to bear upon it. Upon the whole, the conclusion is most probable that 
while instruments of change have been incessantly modifying and altering the condition 
of our globe, their intensity has varied, and was far greater in ancient than in modern 
times, though the causalities themselves, mediate as well as primary, have been of the 
same kind. 

But decisively is the sublime truth unfolded by geological examinations, that the 
present terrestrial constitution is not a chance condition ; — that its memorials of decay and 
change, which everywhere present themselves, are not instances of defective arrangement, 
as the untutored mind is apt to conceive; — that its very instability is an essential 
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element of its permanence as a fit residence for a human population ; and that our planet, 
so preyed upon, rent and shattered by various agencies, has been steadily advanced by its 
vicissitudes to an improved estate, developing a plan, the result of forethought and 
design, grand in its outlines, beautiful in its execution, and benign in its results, reaching 
far back into past eternity and anticipating the wants of future ages, by which the globe 
has become an appropriate home for moral and intellectual beings, and now takes its 
place in the universe among the performances of which it may be said 

These are thy glorious works ! Parent of good ! ” 

WJiile yet unfit for man, its intended lord, the earth was occupied with animals whose 
natures were adapted to its condition, and with a gigantic vegetation, subsequently 
submerged, then entombed, and by chemical processes converted gradually into the beds 
of coal, now in course of disinterment, contributing so largely to human improvement 
and happiness, wdiile formations of rock-salt, marble, limestone, and gypsum were 
aggregated, to minister to the comfort and pleasure of foreseen nations of men, furnishing 
materials for their dwellings, manure for their pastures, ornaments for their temples, and 
savour to their food. Wild was the chaos, and coni used the scene, which the strata, 
elevated, disrupted, broken, and overturned, once presented to the eye : but system is 
now seen in the disorder, and benevolent intention in the derangement. The tilting up 
of the coal measures in troughs and basins has brought that mineral within reach of 
human industry, which would have been inaccessible had it remained horizontally 
disposed. By impervious alternating with pervious strata, the superficial rains are 
received as into natural reservoirs, in the bosom of the earth, and are returned by 
liydrostatic pressure in various directions to the surface, often pursuing a far wandering 
course, percolating through chinks and fissures created by dislocation, ultimately appearing 
in the form of springs, a machinery, of the action of which in the same localities we have 
records extending back to the Homeric age. But too for the play of elevating and 
disrupting forces, shaping mountains and scooping out valleys, the land redeemed from 
the ocean would have remained a dismal swamp, capable of supporting only the lowest 
forms of life, like the great floridan morasses, instead of presenting that diversity of hill 
and dale, glen, plain, and highland, essential to the economy of human life, and grateful 
alike to rustic simplicity and cultivated taste. These arc indications, only a few of the 
number wdiich might be named, yet sufficiently significant, which serve to establish the 
conclusion, that our present habitation has been framed under the direction of Divine 
Intelligence and Power. 
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Aberdeenshire, granite of, 047, 649. 

Aberration of the Stars, 4:i. 

Abyssinia, wild oat found by Bruce in, 
667 ; climate of, 001. 

Achray, view of Loch, 40.'i ; ritntiob from 
Walter Scott regarding, 40r). 

Aeotyledoncs, 661 . 

Aetinnlite, the mineral, OX). 044. OO.*). 

Adaptation of external nature to man's 
wants, 670, 671. 

AdelsiMTg Cave, description and view of, 
*243, ‘244. 247, 24«. 

Adige, the river, its rapid deseemt, 284, 
490; view of the valley of the, 413. 

Adour, the river, 40*2. .649. 

Aiiria, ancient city of, 4(K). 

Adriatic Sea, chaiiges almut the, 399,400, 

Adventurers, mining, their ignorance of 
geology, 0‘20. 

.Xgina and £gean Sea, view of, 340 ; part 
of. ;)67. 

Aerolites, 130—14.3 ; derivation of tiie 
word, 131 ; table of, by M. izarn. 1.32; 
fall of, at hhisisheim on the Rldiie, 13*2, 
133; one seen to fall by Gassenor, at 
Nice, 133 ; several full at liH Grnnge- 
de-Juillac, in France, 133, 134; a re- 
markable one tell in Yorkshire, i:)4 ; 
several fell near Benares, in India, 134 ; 
an immense fall of, in Normandy, 13.6 ; 
nature and composition of aerolites, 
136; recent instance at the (’ane of 
Good Hope, 130 ; many fall whicli are 
never observcil, 130; metallic masses 
•unposod to be meteorie, IdO ; a remark- 
able fragment in the British Museum, 
130; particulars of one tiiat fell in the 
Vunjaub, 130 ; probalde origin of aero- 
lites, 130, 137; Laplace’s tiieoiy, 1.37; 
Cbladui's, 137} Sir H. Davy’s, J37; 
Arago's and Olmstead’s ideas on me- 
teoric sliow(*rs agree with the Chlad- 
nlan hypothesis, 142 ; but the subject 
involved in great uncertainty, 142, 143. 

Africa, eastern and westiirn. floras of, 66‘2 ; 
granite mountains of, 045 ; animals of, 
690 ; population of 696. 

Agaly stall rocks, 0.67. 

Agassiz, professor, 070. 079. 084— 706. 

Aged persons, account of various, 007, 008. 

Agriculture Improved by geology, 020, 

Aiguilles, the Swiss, 047, 048. 

Air, its nature and uses, 436 (see Atmos- 
phere) ; ettects of vitiated, 4-68, 4.69 ; its 
composition, 401. 

Airy, professor, 30. 188. 

A lx, in Provence, hot springs of, 270. 

Alban Mount volcanic, 427. 

Albinos, .699, OOO. 

Aleutian islands, 376. .6.68. .688. 

Alexandria, city of, its foundation, 8 ; its 
celeliratcd lilirary, 8 ; the scat of ex- 
tended astronomical science, 8, 9 ; Alex- 
andrians early coustructud various in- 
struments, including astrolabes, or 
armillary splieres, 16 ; buy of, 397. 

Alga*, or sea weeds, 568. 

Algol, the star, its position, 170. 

All Pasha, 323. 

Allegiiany Mountains, land-slip In the, 
420, 4*21 ; view of the, 494. 

Allen, Bog of, 769. 

Alligators. 679, 580. 

Alluvial period, the, 637, 639 ; formation, 
640. 

Alluvium, position of, 641 ; chapter on 
recent formations of, 7fiG— 782 ; organic, 
766-772 i marine, 77*2—776 ; lacustrine, 
775, 776 ; fluvlatlle, 776, 777 ; chemical 
and mineral, 777, 778} volcanic, 778—78*2. 


Alluvium of rivers, 380 

Almagest, or (Jreat (^dleotlon of Ptolemy, 
contents i)f the, II ; contained 48 cim- 
stellations, 147. 

Alphunslne taldus, their Invention and 
uses, 18. 

Alpiioiisu of Castile, his Irreverent re- 
mark, 19. 

Alpine flora, southern, .6(i() ; mountains, 
0 ‘ 2 * 2 . 

Alps, the, *207, 2.30. *237. 40H-416; cretins 
of the, 4.69; 'I'yrolese, chaructoriKtics 
and view <»f, 490 ; fossiliferous remains 
of the, 03.6 ; granite mountains of, (i4.6. 
049, li.6(). 

Altaian mountains, 049. 

Alterations of coast line, chapter on, .380 
—480 ; encroacliments i»y theoei-an, 380 
— 397 ; aecretioiis to the laud, 397—400 ; 
Heeiimulations of shore sands, KH)— 402 ; 
voleatiie ehwatious of shores, 402—40/;. 

Altitudes of various localities in the globe, 
‘205. *221. 

Alum Kay, Isle of Wight. 0*28 ; fossils at, 
738. 739, 74*2 ; view <if, 74*2. 

Amazon, river of, 2.32; descent of its 
waters and jimetion with the Atlantic, 
281. 294, 302. 304, .*U).6 ; east winds in, 
439 ; wooded banks of the, .6.6.6 ; valley 
of tlie. .684 ; jaguars near llie, 5H(J ; raft 
islands at the mouth of the, .693. 

America, climate of the continents of. 490, 
— '196; population of, 690; granite inouii- 
talns of, 045 ; fossil elephants of, 763; 
rliinoceros, 753 ; megatlmrlum, 767, 
768; sivatheriuin, 768; fossil horses 
of, 768. 70*2, 76.3. 

American lakes, 312 ; transparent water 
of the, 3*2*2 ; races of men, 006. 

American, or indigenous copper-coloured 
race of mankind, 003. 

Ammonite sliolls found at Whitby, 017 ; 
at Hornsea, 039; eatlim, view of the, 
(i.38 ; varieties of, 719, 720. 

Amygdaloids, 066. 

AmuTeon, citation from. 48*2. 

Analogy of mineral water, ‘276, 277 ; of 
sea water, 328—330. 

Analogy b<!tweeii the vegetable and ani- 
mill world, .671. 

Anaxagoras, 7, K. 

Anaximander, 7. 

Anidents, the, noticed all the celestial 
phenomena open to unaided visual ob- 
servation but annular eclipses, 1.6, 10; 
their instruments of observation simple 
and Imperfect, 10; pyramids and obe- 
lisks with them served as measurers 
of hours, days, and years, 15; their 
clepsydras, or water-docks, 15; the 
economy of iho universe was a sealed 
book to the, 16; had but a clrcum- 
scrliied knowledge of the globe, 194 ; 
carefully fortified mountain passes, 
216: their limited knowledge of phy- 
sical geography, 340; were little ad- 
dicted to physical Inquiry, 4.3;); used 
lightning conductors, .621, .622; had 
glimpses of geological science, 015, GIG. 

Andes, ineidcutal uotices of the, 219. et 
al., 645. 6.63. 

Andrew’s, castle and coast of St., 393, 
394. 

Anemometer kept by the Royal Society, 

Angeluccl, Father, his account of tlic 
Fata Morgana, -689. 

Angitas, the river, sources of the, 299, 
3(H) 

Anglo-Saxon race, the, 608. 


Angular lamination in strata, 025. 
.Animalcula*, fossil, 036 ; perfet't preser- 
vation of, 0.39 ; tertiary, 749 ; lacustrine, 
77'i. 


Animals, chapter on the distribution of, 
.671- .694 ; modern and ancient clas- 
sillcatinus, 671; {ilaut animals, 67*2 : in- 
sects. 67*2— .674 ; fishes. 674 - 678 } 
wiiales. k'c., .678. 679; reptiles, 679, 
68(1. birds. .6 h(»— . 681 ; quadrupeds, 6H4 
—691 ; localities of animals, 692 ; means 
of their dispersion, 6J)2 — .MM; lime in 
the Imdies of. 0*24 ; Indies and traces of 
in strata, 0.31, et al. ; tlie less complex 
Irilies of appeared the first, 037 ; list of 
fossil of till' several periods, 038. ('39; 
of the Old World superptr to those of 
the New, .680. .687. .689, .690; distribn- 
tion of l)y tlie (heator, 592; iineon- 
scioiisness of, .6!i.6 ; disseiuiiiate plant 
senis, .600, . 6 ( 17 . 

Aiiio, the. or Teverone, its cascade, 380 ; 
its ravages, 410 

Annelldans, fossil, described and illus- 
trated, 000. 

Alining, Miss Mary, 7*23. 

Anoplntiioriuin, tlie, 746 ; skeleton of 
tlie, 0<')9. 

Antarctic continent, tin*, 690; flora of, 
60*2. 

Antliracotherlnm, tlie, 746. 

Anthropophaglsls, 697. 

Antipodes Island, Its situation, 190. 

Antiquity of tlie earth, 4‘29. 434. 

Antisauai Mount, l'»46. 

Antrim, uranitic mountains of, 06ii. 

Ants, white, or teruiiies of India and 
Africa, .673. 

Apennines, the, 0.60. 

Aikjs, .690; class of, 692. 

Apiielia, I. 

Apjiian, .67.6. 

Ajijiles, (allied, of llie Dead Sen, 316. 

Apricot, poisonous variety <if tlie, Wj8, .609, 

Aplcrlx australis, tlie, 780 

Aquarius, or conslellatiou of tlic Water- 
bearer, 16*2. 

Aquatic plants, .M8. 

Aqueous atmospheric phenomena, chap- 
ter on, 401—483; atmospheric vapours, 
tlielr amount and dlitrlbuihni, 401 — 
40:); forms and nature of ehimls, in- 
cluding cirrus and cumulu.s, 4fM , stra- 
tus, 404—407 ; clrrocumuiiu and cirro- 
stratus, 4(i7 ; cumulostratns, 407, 4 (:h ; 
nimbus, 408; statistics of ruin, 408— 
474 ; forinallon, nature, and iiM-alitles 
of snow, 474—478; of hail. 478-480; of 
dew, 480-482 ; of ho.ir frost, 483 

Arabia, wells of. ‘2/i2; is nearly rainless, 
471 ; Intense heats of, 496, 49(i; floia 
of, 603; Gulf of, 577; locust-talers of, 

Arabs, the, Inifiroved anil enlarged the 
astrolabe or armillary spliere, 10; began 
their career by the destruction of the 
Alexandrian library. 17; their menUl 
cullivulloii began with llie Abasitdlan 
dynasty, 18; in astronomy and geo- 
uraiiliy adopted the system of Ptolemy, 
|M : their inventions and discoveries de- 
tullcd, 18; Aralilan cultivation spread 
to various co/intrics, IH ; were ac- 
quainted with the rarefaction of the at- 
mosphere, 25. 

Arago, M., 47. 409. 499; distinguiibes 
three kinds of lightning, 519 ; Ills theory 


i)f meteors, 142. 

■ill, l.ike or sea of, .3*24. 423. 678. 

•arat, Mount, 203. 693 ; account of, 204 ; 
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Tiew of, 488: varyine clinuita of, 489 ; 
▼Mfftatlon of. 687. 

Arlatuf. 144. 147. 

Araucaria, foisil, 706. 

! Arbela, battla of, tti date determined, 
09; life of, 808. 

I Arcadia, view of lineitone mountuins on 
i the coast of, 617. 

I Arched forms of strata, 628. 

I Archipelago of tl# Mediterranean, 847. 
367. 874. 

i Arctic region, animals of, .'ififl, 689; Intense 
i cold in, 697 ; 6ora, WK). 

! ^rctophylax, the Bear- keeper. (See 
i Bootes.) 

Arcturus, the star, 176, 177. 

Arethiisa, fountain ol, 2.19, 260. 

: Argali, the, 606. 

Argo, constellation of the ship, 165. 

Aries, or constellation of the Ram, 149. 

Ariosto, a noted saying of, 619. 

Aristarchus, of Samos, his ingenuity, 9, 
10. 

Aristotle. 2, 3 ; astronomical physics of 
foundea on false data, 13; is nut an. 
Bwerablc, however for the vain inven- 
I tions of mII who called themselves Arls- 
i tutelians, 14 ; mentions an occultation 
of Mars and the moon, 14 $ speaks of 
mirrors being used in his time for ob- 
, serving eclipses, 16: cited, 627. 636. 

! 571. 

I Armillary spheres, early used by theAlox- 
I andriaiis, 16. 

i Aromatic jilants grow best in the central 
lands of the tropics. 5.64. 

Arran, Isle of, 647. 682, 663. 66.'i. 

Artesian wells, account of, 205, 266. 

Ascension Island, 379. 

! Asia, south-western, great levels of, were 
the birtli'idace of astronomical know- 
ledge, 2 ; that district possessed many 
I advantages therefore— what they were, 

I 2 ; granite mountains of, 646 ; fossil 

eleiHiant of, 763 ; mastodon of, 7M. 

Minor, view of the const of, 39H; olec- 

frlcnl pliennmena In, 517 ; the cradle of 
the human race, 694; pufiutatlon of, .596; 
intense cold in the north-east of, 697. 

Ass, native country of the, &H8. 

I Aiterias, fossil, 721. 

I Asteroids, the, 91 ; their anomalous move- 
I ments, 92 ; their fragmentary appear- 

unce, 93. 

Asters, botanical region of the, 661 . 

Astrolabes, or armillary spheres, early 
used at Alexandria, 16; were improved 
and enlarged by the Arabs, 16. 

Astrology, Judicial, nrlKln of, 3. 

I Astronomers royal, diflerent, 36. 

I Ai^tronomical discovery, history of, I — 

Astronomy the moat perfect and ancient 
of all seleiicos. 1. 

Atchahslaga, great raft of the river, 693. 

Athos, Mount, 326 ; promontory of, 661. 

: Atlantic ocean, the, 329. 337. ; coasts 
of the, 345 ; basin of the, 346 ; sea- 
weeds in the, 348 ; current of, 3.59. 301, 
362 : trade winds of the, 438, 439 ; gales 
of the. 473. 

Atlas, range of Mount, 203. 

Atmosphere of the earth, 76 ; of the moon 
doubthil,81 :of theeanh and its curronts, 
chapter on the, 436—460; its height. 436; 
weight, 486; movement, how caused, 
436 ; velocities, 437 ; trade winds, 4.38, 
439—442; monsoons, 442 — 444; land and 
sea hreeses, 444—446 ; Etesian winds, 
447 ; Khamsin, Samiel, Simoom, liar- 
mattan, and Sclrocco, 447—460 ; Mis. 
tral, Autun, Bise, 460, 451 ; hurricanes, 
4.M — 466. 4.58, 469 ; land storms, 466, 
467 ; waterspouts, 467, 468 ; winds of 
Great Britain, 469, 460 ; is prtncf|Mlly 
composed of oxygon and nitrogen. 622. 

I ignorant pride of its natives, 

Attraction, that between bodies mutual 
and proportioned to size and distance, 
40 ; causes perturbation, 40 ; Its actiou 
is inevitable and universal, 182. 

Augite, the mineral. 623. 646. 652. 

Augustine, St., 674. 

Aurora Australis, 526, 527; do sounds 
accompany the ? 528, 529 ; elevation of 
the, 629. 


Aurora Borealis, 628-4126 ; views of, 594. 

626 ; phenomena of, 627—629. 

Aurora Island, 326. 

Australia, or Oceauica, animals of, 591, 
692 ; population of, 696 ; contains pe- 
culiar forms of insects, 678. 

Author of the universe known only to 
man, 696. 

Autun, synonym of BIse, trAicA jrcc. 
Auvergne, extinct volcanoes of, 427—429. 

656 ; geology of, 619. 

Avalanches, their formation and devas- 
tations, 207 ; their effects, 412, 413. 
Avernus, lake of, 403. 

Avon river, at Bristol, tide of, 858, 359. 
Aymestry limestone, 678. 680. 

Azara, sefior, 600, 601 . 

Azof, sea of, or Palus Meotis, 371 . 

Azore islands, the volcanic, 375, 376. 

Back, Captain, 818. 32Z 
Bacon, Lord. 613. 

Baden, grand duchy of ; its hot springs, 

270 . 

Bagnes, Val de, inundation of, 413—41.5. 
Bahamas, the, 3.33. 348. 

BaiaR, territory of, with illustrative chart, 
403; view, 773. 

Bahr Assal, lake of, .317. 

Bailey, Professor, 776. 

Baikal Lake, Siberia, 311. 318. .320, .321. 
Baily, Mr., discovers letters of Flam- 
stead, 37. 

Bakewoll, Mr., 270. 412. 428. 647. 651 . 729. 
Bala limestone, 662. 064. 

Bala-pnol, or Plmble-Mere, 325. 

Balbi, 8l(mor, 596. 

Baltic, waters of the, 328, 329; has 
scarcely any tides, 367; climate near 
the, 5(Hi. 

Banda Oriental, the, .509. .587. 

Banana, or plantain, the, .5.57. 

Banyan, or pagod tree, account and view 
of tiic, 6.54. 

Baobab, the gigantic tree. .5.50. ,562. 
Bnrhadoes, hurricanes in tlie island of, 

4.54 , 456. 

Bareges. 663. 

Barren Island. 376 ; view of, 788. 

Barrens of North America, 234. 

Barrow, Mr., 332. 

Barrow’s .Strait, 689. 

B.isalt, peculiarities of, 626, 627. 652— 

6.54 ; iiiustratious of its forms, 626—65.3. 
Bases of earths, alkalies, and alkaline 

earths. 623. 

Basin, the great European geological, 
660. 

Basins, tertiary, of Europe, 739. et at. 

, three grand. In which the oceanic 

waters are divided — northern, western, 
and south-eastern, 197. 

Bass rock, view of the, .370. 

Balli, city of, its thermal waters, 269. 

, stone of, 726. 727. 

Bats, order of, .590. 

Biuiliinias of the tropics, 6.5.5. 

Banhin.an’8 llolile. in the Hnrtz. 2.54. 
Ihiyer, .lohn, his IJranotnetria, 146. 
Bayonne, port of, 402. 

Beurhy-hend, land-slip at, 392. 

Beads, St. Cuthbert’s, 677. 

Bear, constellation of the Great, or Ursa 
Major, is the most conspicuous in the 
northern hemisphere, 1.52 ; sometimes 
called Charles’s Wain. 1.52 ; and HeliciS. 
153, 1.54; its place In heaven, 1.53; in- 
dicates the Pole-star by its Pointers. 
163; Is important in navigation. 153; 
diagram of its movement around the 
pole, 153. 

, the polar, 688, .589 ; common, 689. 

Bearings of strata, 627. 

Beaufort, (’aptain, 397. 

Be.aver, the, 589. 

Becceria, 130. 

Beebe. M. de la, 667, 721. 

Bed of the ocean, 326; upheaving! of, 
374—38.5. 

Beds, successive, of the new red sand- 
stone system 708. 

Beech-trpps said to be safe from light- 
ning, 521 : habitat of. 553. 

Beechey, Captain, his researches, 384, 
385. 625. .529. 

Behemoth, the, 756. 

Belemnites, 720. 


Beloochistan- 484 ; plains of, view of tbe* 
485. 

Belus, temple of, 2. 

Ben Lomond, view of, 646 ; outline of, 
647 ; Lair, 6.59. 

— — , atmospheric uiparitions seen from, 
541, 542. 

Bennachie, mount of, 648. 

Ben Nevis not our highest mountain, 
204 ; electrical observations made on, 
617. 

Benares, annual rain-falls at, 471. 

Bengal, annual rain-folli at, 471 ; bay of, 
679. 

Bcnnet and Tyerinan, Messrs., 482. 

Benzenberg, Professor, 131. 

Berg-mehl, 776. 

Bernard, hospice of Great St., the highest 
dxed habitation in Europe, 215 ; its 
dogs, with an illustration, 477. 

Bex, salt-mines of, 712. 

Bible, the, a book for general use, and 
therefore adapted to popular compre- 
hension, 31 ; wrong conclusions have 
been drawn from it In past times and 
present. 32. 

Biela’s comet. 111. 

Bifurcation of streams, 299. 

Bimnna, order of, 596. 

Biot, M., his accouut of the Fata Mor* 
gana, .540. 

Birch-treo, regard of Llnnseus for the, 
.552. 

Birds, the class of, .580 — 684 ; are natu- 
rally divided into the three orders of 
aerial, terrestrial, and aquatic, 680; 
bird-rocks of the northern seas, .580, 
681 ; tameness of many kinds, .581, 682; 
singing-birds, .582; locomotive powers 
of birds, .582, 583 ; localities of birds, 
ami their migrations, .583, 584 ; distri- 
billion of the varieties of, ,592 , fossil 
remains of, during the several periods. 
108, 639. 

— great dispersers of plant-seeds, 647. 
606, 6G7. 

BIrs Nimrood, the earliest supposed as- 
tronomical site, 1 ; ruins of, 2. 

Bise, Mistral, or Autun wind is lulu- 
hrioiis, 4.50; but causes tempests in 
Prance, 4.50. 

Bison, or buffalo, the, 689. 698. 

Bituminous, or pitch springs, 275, 276 : 
fossils, 640 ; matter, 778. 

Blanc, Mont, description of, and ascents 
to, 20,3. 

Black Sea, 347, 360 ; was once united to 
tlic inland Asian seas, 578. 

Blisson, Mr., his researches regarding 
the ignis fatnus, ,544 , 64.5. 

Blouinheld, Robert, 467. 

Bine .John Mine, description of, 248 ; 
view of •• organ ” stalactite in, 249. 

Blumenbach, professor, 601. 604. G06. 
606. 7.53. 

Boa constrictor, the, 679, 680, 

Bode, professor, Ids observation of the 
planetary system, 46 ; his catalogue of 
the stars, 1.58. 

Bodies, the heavenly, were anciently 
olijects of superstitious regard and 
fear, 3. 

— — , animal and vegetable, contain car- 
bonate of lime, 624. 

Body, the human, can hear great ex- 
tremes ol heat and cold, 484 ; its bones 
and teeth contain much carbonate of 
lime, 624. 

— , diversities of the human, in diffe- 
rent races, (KK), 606 ; its growth, decay, 
and diseases the same in all races. 
608 . 

Bohemian coal-mines, 702, 703. 

Boleslaw lake, in Bohemia, 320. 

Bolton and Manchester Railway, fossil 
tr<*es on thr, 705. 

Bombay, annual ratn-falls at, 470, 471. 

Bone, now to petrify, 640. 

Bone Well, view of the, 667. 

Bones principally composed of carbonate 
of lime, 624. 

Bnnpland, Aim6, 618, 576. 

Bootes, the headsman, or bear-keeper, 
constellation of, 6. 153; apparentlv 
pursues Ursa Major round the pole o'f 
the heavens, 154. 

Boothia, western coast of, 533. 
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Boralli dflveloped th« infliMnceof gravity, 
87. 

Bergbaut, hU theory of mountidni, Ml. 
Borrowdale, pure plumbago found In, 
624. 

Borrowitonneti, foiill ihelli at, 774. 
Bory de St. Vincent, M., 648. 

Bosphorus, mouth of the, 199 » or, 
347 ; drains the Black Sea, 806. 
Botanical regions of plants, 660—664. 
Bothnia, gulf of, 328. 

Bouguer, M., 633. 

Boulders, 342. 761, 762; fossil, 640. 781. 

760, et seq. 

Bourbon, isle of, 681. 

Bovine race, the, 607. 698. 600, 601. 606, 
G06. 

Brachlopoda, fossil, illustrated, 665. 
Brailley, Rev. Janies, was the third as- 
tronomer royal, 42 ; discovered the 
cause of the aberration of the stars, 43 ; 
also the notation of the earth’s axis. 
43 i his great industry, 43 ; his death 
ignorantly interpreted as a divine judg- 
ment, 43, 44. 

Braude, professor, 1.31 . 734. 

Brasil, forests of, 556. 

Bread-fruit tree, the, 563. 

Breakwater in Plymouth Sound, 350, 
351. 

Breccia, its formation, 024. 

Brecon, view' of hills near, 667. 082. 
Breeds, mixed human ; as mulattos, ter- 
rerous, quadroons, mastizus, zambos, 
604 ; animiil, 609. 

Breezes, alternate land and sea, 444— 
440. 

Bremonticr, M., 549. 

Brescia, disastrous explosion in tlie city 
of, .521. 

Breddin, group of hills, 080. 

Bridge, natural, in Virginia, descrip- 
tion and view of, 291 ; Ain-ul-Laban, 
301, 

Bridlington bay, 594. 

Brighton, atmospherical spectra seen at, 
540, 541. 

Brinkley, Dr., his supposed discovery of 
parallax, 103. 

Bristol Channel, tide in the, 356. 358. 
Britain, early surface of, 771.782; dia- 
gram of the succession of strata in, 
641 ; coal strata of, 652 ; granitic rocks 
of, 045. 

Britain, climate of ; the Roman invasion 
of, 507. 

British Association, 3.50. 

Channel, the, produced by a disrup- 
tion between Prance and Kngluiid, 
.578. 

British Museum, remarkable slab in the, 
715 ; Saitriaiis in the, 721. 

Britons, the native ; paucity of their 
fruits before the Roman conquest, 50. 
Brittany, climate of, 493. 

Bronw, peat district of Loch, 709. 
Brocken, account of the spectre of the, 
with illustrative view, 541. 

Brockhlll, view of trap dyke at, 081. 
Brooke, Sir A.de Cupel, 3.32. 

Brongniart, M., 043. 651. 057. 703, 704. 
730. 738. 

Brown, Mr. R., his botanical researches, 
5(», 506. 

Brown, professor, his table of the order 
and Buccessiun of fossil animals and 
planU, 638, 639. 

Bruce, James, of Kinnaird, his imagined 
discovery of the source of the Nile ; 
279; his description of its localities, 
295 ; of the simoom, 447 ; of a sand- 
storm, 466, 457 ; of wild oats, 567. 
Brute creation, unconsciousness of the, 
595. 

Brydone, citations from his Tour in Sicily 
and Malta, 161, 162. 309. 539, 540 ; his 
account of a scirocco, 449. 

Bdch, Von, 619. 650.711. 

Bucklond, Dr., Investigations of, 251— 
254. 619. 630. 

Buenos Ayres, drought at, 472; hall- 
storm in, 479 ; fatal thunder-storm in, 
518 ; insects of, 574 ; estuary deposits 
near, 567. 

Buffun, the Count de, 686, 587. 

Burnes, the late Sir Alexander, 422. 
Buxton wells, 269. 


Byron, citations from the works of Lord, 
261. 286. 32G. 366. 399. 448. 

Bucklaiid, Professor, 672,673. 681,682. 
702, 708. 712. 714. 720, 721. 723. 726. 
734. 767. 762. 

Bullers of Buchan, 648. 

Burdie-house, limestone, 694. 

Cnbra dl capello, 679. 

Cactus family of plants, indigenous only 
to America, 558; botanical region of 
the, 561. 

Caddis-worms, fossil, 745. 

Coder Idris, lake near, 324 ; porphyritic 
columnar trap of, 627. 

Caen stone, 725. 

Cairngorm, district of, 649. 

Caiamnites in carboniferous strata, view 
of, 706. 

Calcutta, anrual rntn-falls at, 471. 

Calm at sea, illustration of a, 438. 
Cambrian system, 637. 662. 

Camel, the, 590. 

Campagna di Koma, is mainly volcanic, 
427. 

Canada, lakes of, 316 ; climate of. 497- 
Canaries, history of the, by Abbe Viera, 
302. 

Canary Islands, 441. 

(Mincer, or constellation of the Grab, 150. 
Canis Major, and Cauls Minor, constella- 
tions of, 1.54. 

Canton, unwonted snow-fall at, 475. 

(3ape Horn, view of, 318 ; Aurora Aus- 
tralis seen at. 527. 

Cape of (Joud Hope, coast and liarbnnr, 
.503 ; tliistle butterfly found at the. 572. 
Cnpricurnus, or constcllatiun of the Coat, 
iii2. 

Caprifoliacetp, region of the, 501. 

CaraccuB, coast of, 362. 3(M ; earlliquakus 
in, 431, 432. 

Caradoc sandstones, 008, 009; group, 
074 ; hill of (^aer, 089. 

Carbonate of lime, (liters into composi- 
tion of organic and inorganic iiudlcs, 
023, 024. 

Carboniferous period, the. 0.38. 
Carbouiferons system, 04 1.042; coal often 
turned to coke in the, 0.52 ; cliupiur on 
the, 090. 

C.'irdona, salt mines of, 711, 712. 

Cardoon plant, the. Its wonderful for- i 
tlllty, 509. 

Carex plant, of great use to the l,Rp- 
landers, 5(M). 

Carlsbad, granitic veins at, 650. 

C!arniola, caverns of. 571. 

('uruivurous races of men, 597. 

Carnans, fall of the mountain Rampc de, 
408. 

Carrara marble, 624. 032. 

(’arynphlllsB, botanical region of the, 560. 
Caspian, the, 3JI. 314. .323, 324. .578. 

('assia plants, .5<S3. 

Cassiqunire river, 2!I9; singularity of 
tiie, 280 ; its junction wttli the Anmzon, 
.5.5.5. 

Cassini discovered satellites of Saturn, 
34 . 45. 

Cassiopeia, constellation of, new star ap- 
pears in the. 167. 

Cnstslia, or Castaly, fountain of, 200, 
261 ; view of. 614. 

Custleton Dale, cavern, description of, 
244, 245. 

Cat, notices of the, .588. 598. 

Catalogues of stars, 143. 1.58. 106. et tU. 
Catania, city of, 410. 

Cataracts, how formed, 203. 283 ; of the 
Nile, 284. 

Catecucaumene, or bumt-up region of 
Asia Minor, 429; view in the, 430. 
Catten, Mr., 762. 

Catenipora escaroides, view of the, 038. 
Cattle, varieties of, GOl . 606. 

Caucasian race of men, 601, 602. 609. 
Caucasus, mountains of the, 216; road 
made in by Alexander of Russia, 217 ; 
great plain of the, 224 ; steppes of the, 
225 ; snows of the, 488. 

Caverns, temperature diverse in, 249— 
251 ; fossils of, 251—254 ; of Camiola, 
571 ; and subterranean passages, 238— 
268 ; general notices of, 238, 2.39 ; the 
Delphian in Greece, 239; Tlinr’s, in 
Derbyshire, 239 ; of Swtden, Norway, 


STo’ ^'‘9’ 5 Fingal, in Staffk, 241, 

242 ; of Iceland, 242 ; of Eldon Hole, 
242, 243 ; of Peveril of the Peak, 243, 
244 ; of Castleton Dale, 244, 245; of 
the Guacharo, 24.5, 246; staiactltic, 
such as Antlparos, 247 ; and Adelsberg, 
248, 249 ; 

of Kirkdale, 251, 252; of Dcvonslilre, 
See., 253 ; of Germany, 254 ; of Cailon- 
reuth, with view and section, 254. 2.56 ; 
Grotto del Cane, at Naiiles, with a 
view, 255, 256 ; others siinilnr to it, 2.56 ; 
of Dudley Castle, with view, 2.57 ; of 
Odin’s Mine, with view, 258; at Nut. 
tingham Castle, view of, 707. 

Cayenne, humidity of, 470. 

Cayman, the, or crocodile, 679, 580. 
Cayster, the river, .398. 

Cedar-tree, respect of the Arabs for the, 
.5.59. 

Celano, l.-ikc, the ancient Fucinus, 313. 
Century, eighteenti). opciuKi with the 
physical deinoiistrutions of Newton, 
and closed with tiie telescopic disco- 
veries of Hcrschcl, 44; ninctcentli, 
commenced witli additions to tlio pla- 
netary system, 40. 

Cephiilaspis, the, illustr.'itcHi, O'^O. 087. 
Cerastes, tiie, or iiorned .579. 

Cereals, the, or cultivated gr,ilnH, 552, 
55,3 ; tropical ri'gioiis not favotirablii to 
the grnwtii of, 5.5;i, 5.54. 597 ; origin of 
tlic, ,507. .5i»4. 

Ceres, [he planet or asteroid, 91. 

Cerltliiiim gigantcuni, view of the, 744. 
Ceylon, island of, .59(i. 

(3mdodnn rustratns, or iusect-shuoting- 
lisb, 57.5. 

Chiileedony, 0.55, 

Clialdea, tiie plains of, the primal scat of 
iistrononiy. 4. 

Cbaldeans, their priests noted the rising 
and setting of tite stars. 2 ; eellimes, 3 ; 
were aeqiiaiiited with eyelo of days, 3; 
invented tiie zodiac, 3. 

Chalk, notices of. 035. IsiO. 0.37, 038. 040. 
012 ; of Kent and Sussex, \e., 731 ; of 
England, Ireland, and foreign coun- 
tries, 731 . rt uri /. ; eoinposiiiun of, 733. 
(Minllenger, loss of the frigate, 30.5. 
(Uialiiiers, Mr., .520. 

Cliatnonni, valley of, 2(K). 208, 209. 372 ; 
('*•15. 047. 

Cliainpiigne, poor soil of, 730. 

Cliiitiiiler, Dr., liis account of Castaly, 
2(;i . 398. 

Ciiange common to man iiikI universal 
nature, 370. 

Clianges in oceanic regions, chapter on 
the, .37(1.— '(HO ; by denudation of tbe 
land, .370—372 : by accretions, 373 j by 
elevations of the bed ol tbe sea, as of 
voicaiiie IslandK, 374— .380; and coral 
islands and reels, 380 — 385. 

Charles' Island, .581. 

Cliurnwood E'orest, l..eleeBterBhlre, 045 ; 
granitic veins in, illustrated, 0.50 ; rocks 
of, 002. 

Cliarybriis and Sevlla, 307—309. 
Chateaubriand, M., his udveiitiiro at 
Niagara Fulls, 290. 

Chellustori gypsum, 711. 

Chert, 077. 

Chesliire, rock-salt of, 712, 713. 777. 
('Iiiastollte slate, 0(i.3. 

Chiebestcr, antique slab found at, 728, 
Chill, nccoiiiits of earlliqimkes in, 406, 
400. 431 ; its climate, 480 ; its flora, 
502. .504 ; Chonos arehliwiago, near, 
608. 

Chiltern Hundreds, the, 7.30. 
Chimborai^o, Mount, 202 ; its composi- 
tion, 20.3 ; height, 204. 219. 045. 

China, flora of, •503 ; |»e<)ple of, 002, 003. 
Chinese claim (he honour of first oliierv- 
ing the celestial sphere, 4 ; their native 
histories of dubious credit, 4. 

Chiiii'se porcelain, felspar a component 
of, 048. 

Chinese seas, the, 371 ; boatmen, their 
eomplexioni, G03. 

Chirotherium, view of fossil traces of 
the, 714, 716. 

Chlorite, its nature, and where found. 
023. 6.VJ. 

C^hronology. geological, 621. 

Cicero’s villa, alleged remains of, 405. 
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Cinchnntt, or miHUeiiuil barks, S61. 1 

Cirknits, lake of, 383. 

CIrrocumuluf, or sonder»c1oud, 467. I 

Clrrostratui. or wane>cloiid, 467- 

Cirrus, or curl>cloud 464. 

Civilisation iias arisen out of the wants 
and weakness of man, 006 ; is favour- 
able to longevity, 607. 

Classes of mankind, five grand, GOI — 604. 

Classes of plants, iMS—O.'iO ; of animals, 
071. 

Classlflcation of rocks, 622. 

Clay slate formations, 662. r( al. 

Clay slate and siliirlun m'riod, 6.‘iH. 

Clarstnnc. a kind of iMualt, O.'ia ; por- 
phyry, (i.M, 

Clearness of the ocean waters, 331. 332. 

Cleavage planes in strata, 630. 

Clermont, valley of, its characteristics, 
42H. 

Cleveland Imaltic wail, 6.')4. 

(Mlmate, cliapter on physical, 4R4 — 017 ; 
deilnition of the term, 484 : determiiu 
ing causes of, 484 ; by geographical 
position, 48.'i ; by land levels. 486—4*12 ; 
by oceanic proximity, 4*12—4*1.0; from 
various oilier causes. 4*.»ri— ri04 ; iu 
equatorial and lint regions, .*>(14, 500 ; 
In warm, temperate, and cold regions, 
005, 506 ; in frozen, 5(Mi, .507 ; changes 
of, inquiry into, 507— .50*) ; excessive 
winters, 50*)— 513; summers, 513 — 515; 
changes shown by geological researches, 
515 ; extremes of heat and cold in op- 
posite, 506, 597 ; influences complexion, 
602 ; of the tropics, fatal to Europeans, 
608. 

Clinkstone, a felspathlan basalt, 603. 

(Mithrnriai, fossil forests of, 730. 

Clouds, 462—468 ; lightning, have been 
traversed with impunity, 517. 

Clyde, river, and Severn, singularity of 
their courses, 280 ; vale of, 739. 

Clywdd, vale of, 752. 

Coal, localities of, 620; zig-zag stratum 
of, 625 ; " fault *' In strata. 629 ; decep- 
tive signs of. (i29 ; fossil leaves in, (!31 ; 
localities of, 642; strata of. 654 ; import- 
utice of, 690; unknown to tlie ancients, 
6*J(i; earliest mention of in English his- 
tory, 690 ; coal hearing system, 092— 
691 ; measures. tK)4 ; beds of, in Britain, 
696— 6*)9 ( mining of, 699 ; districts, 700 
—702 ; foreign localities of, 702, 703 ; 
fossil ferns in, 703; siglllariee in, 704 ; 
frees In, 704. 

Coasts, advance of, 397—400. 402— £106 

Coi'costeiis, the, illustrated, 687. 

(%H'ua-palm, the, 557. 

Cod, view of sand-drift at Caiic, 761. 

Cod-flsh, 577. 

Col dll Midi, 646. 

Cold regions, climate of, 50.5. 

Colebrook in ('onnecticiit, gneiss at, 625. 

Coleridge, S. T., his sublinie idea of the 
universe and its Creator, 184 ; citations 
from his hymn liefore sunrise in tlie 
valley of I'hamoiinl, 20*). 328 ; from 
his Ancient Mariner, 450. 

Colours of water in lakes, 322. 331 ; in 
the ocean, 3.30, .3.31 . 

of the various races of men, 5*J0 

601 ; of animals, 601 . 

Columbia, gold found in, 634. 

— river, springs of tiie, 279, 280 ; 

bisons of the, 389; basaltic rocks of 
the. 627. 

Columbus, his great discovery, 194 359, 
360. 439 ; flrst observed the trade- 
winds, 4.30; incident in his second 
voyage, 520. 

Columnar structure of rocks, 626. 

Comets, general observations on, opinions 
of the ancients respecting, origin of the 
word, their rharacteristics and diver- 
sities. 108 ; difTerences Iwtween them 
and planets, 109 ; oidnions regarding, 
of Aristotle. Seneca, Tycho Brahe. 109 ; 
researches relative to, of Ilevelius, 
Halley, and Newton, 109; diagram of 
the path of one, 110, statistics of. 110; 
general characteristics of. Ill ; comet 
of the year 1680, speculaiions and cal- 
culations regarding the, 112 ; comet of 
1689, commonly called Halley’s, 113; 
predictions of that astronomer, 114; 
verified by its return in the years 1758 


and 1835, 1 14. 115 ; appearances of. and I 
speculations regarding, in former times, I 
115, 116; Illustrations of cometftry phe- 
nomena, 116, 117. 119; details of various 
other comets, 118 — 120 ; comet of 1811, 
12}, 122; Arago’s table of comets, 128; 
Encko’s and Btela’s comets, 123 ; comet 
of 1843, 124—127 ; general reflections 
on comets, 127, 128; irrationality of 
the fears indulged regarding them, 
129, 130. 

Commerce, the pursuits of, flrst stimu- 
lated the knowledge of geography, 193; 
extended, arose flrst in Egypt, 194 ; 
thence spread to Western Europe, 194. 

Como, lake of, 661 ; intermitting spring 
near the, 266. 

Complexion of the dilTerent races of men, 
599-601 . 

Com|)oslite, arborescent. 5ti2. 

(Composition of rocks, 624. 

Compound stars, 116. St'c Stars. 

Comrio, atmospheric phenomenon seen 
near the village of. 542. 

Conception, bay of. 775. 

Cnndamine, M. de la. 239. 

Conductors, ligbtiiing, Ibeir use and fm- 
portauce, 520 ; were known to the an- 
cieiits, 522. 

('oiiglomeratc rocks, 624. 

Coiiuloinerates, (»62, et al. 

Conifera*. view of fossil. 706. 709. 

ConJ unction of the planets Saturn, Jupi- 
ter, and Mars, 167. 

Connecticut river, the, 714 ; valley, 715. 

Constantine, the emperor. M. 

Constellations, general lUt of, 148, 149; 
of tlie zodiac, 149 — 1.52 ; of the northern 
hemisphere, 1.52 — 1.55; of tlie southern, 
1.55, 1.56. 

Conto, Mont, in tlie Vul Br<‘gagliu, 410. 

CoiitortiHi laminatinn in strata, 625. 

Conylware, Mr., 619. 6.57. 682.708.721, 
722. 73<5. 741 . 752. 

Cook, Captain James, his second voyage 
and its results. 1<J6. .504. .527. .56:1. 

Copernicus, 8; revolutionised for ’ever 
astronomical science, 8 ; particulars of 
his life, 19, 20 ; his scheme of the uni- 
verse, 20—22 ; anticipated tlie dis- 
covery, seventy years after his death, 
of tlie jihnses of Venus by (lalileo, 30. 

Copper ami zinc conjoined in the Cornish 
mines, 6:43. 

(’oproHles, 691. 

( or ('aroli, constellation of, 147. 

Coral islands and reefs. .380 — 38.5; blocks, 
view of, .380; bow formed, :482, 383; 
tiiose of New Holland, .383, 384 ; of the 
PHCitlc (M’eun, 384 ; and Polynesia, 385 ; 
usiinlly inbatiiUHl, .5<J6. 

Coral ragstone, 726. 

Cor.'ils, formatioii of, 767; illustrations 
of, 768, 

Cordllli'ras. the, 219, et al.; Insect swarms 
of, .574 ; animals of the, .592 ; aged In- 
dians of the. 607. 

Corinth, limestone rocks in the gulf of, 
612. 

Cornbrash limestone, 724. 

Cornwall, rich in felspar, 62:4 ; mines of, 
&3:4, 634 ; tin of, 649 ; view of rocking- 
stone in. 762- 

Corrao, volcanic island of, 376, 377. See 
Hoi ham Island 

Corstorphine Hills, the, 6.52. 

Cortes, a servant of, flrst sowed wheat in 
America, WIT. 

(/Otopaxi, 2)1. 219. 781. 

Cotylednnoiis plants, 540. 

('onlommiers. section of a hill at, 738. 

Coup de soleil, .505, 

Crab, the land, its migrations, .578. 

Crhigleilli quarry, fossil trees in, 706. 

Creator, original design of the, 785 ct al. 

Cretaceous period, 6^; system, 641 ; de- 
iHisitK, chapter on the, 731—736; mem- 
bers of the, 738. 

Cretins, cagots, or goitred idiots of the 
Alps and Pyrenees, 4.59, 

Ci'ich clitr, Derbyshire, view of, 628. 

Cnndideans, 676. 

Crocodile, the, .579. .590. 

Cronbiirg Castle, and Entrance to the 
Categat. view of, 363. 

Crop out, the mining term, 629. 

Cross, con jtellation of the, its composi- 


tion, beautv, and utility, 135 ; Von 
Spix and Martin's description of, 165 ; 
lines on, by Mrs. Hemons, 156. 

Cruciferous plants, botanical region of 
the. 560. 

Crust of the earth, composition of the, 
611, et aeq. ; stratifled, 619; its mate- 
rials, 622 ; carbonate of lime forms one- 
seventh part of it, 624 ; disturbances of, 
beneficial, 620. 

Crustact'O, fossil, 638. 

Crypiogamic plants, 550. 563. 565. 569, 
570. 

Crystallization of rocks, 631 . 

Crystals of snow, various forms of, 474, 
47.5. 

Culm, island of, 606. 608 ; flresh springs 
in the ocean near, 259. 

Culmination of a star, what it is, 156. 

Culture, its ameliorating effects on plants, 
.508, .569. 

Ciimnna, electrical action manifested at. 
518 ; double halo round the muon seen 
at, 530. 

Ciimulo-stratus, or twainclnud, 467. 

('iimiilu!, or stackencloud, 464. 

Currents of rivers, 281. 283. .572; of the 
ocean, 3.5*J — 308 ; of the atmosphere, 
437. 

(Curved strata in rocks illustrated, 62.5 — 
630. 

Cuvier, observations of, 2.52. 2.54 . 380. 
:4')7. .571. 591). .595. 604 . 619. 713. 721. 
723. 724, 72.5. 730, 731 . 7:46. 738. 744. 
748. 7.54, 7.55. 757, 7.58. 760. 

Cumbrian system, 663, et aeq. 

Cunninghuin, Mr., 715. 

Cycadea?, view of fossil, 709. 

Cygniis, tlie Swan, constellation of, 163 ; 
temporary star in, 168 

Dalton, Dr., 473. 480 ; his account of the 
aurora lioreaiis, 526. 529 ; his imperfect 
perception of colour, 176. 

Dumpier, Captain, liis account of the tro- 
pical winds, 445. 4.56. 

Daniel, Professor, his analysis of sea- 
water, 329, 330 ; bis accoiiiit of prevail- 
ing winds, 460: hvgrometrical experi- 
ments, 462, 463. 470. 

Danube, the river, 406, 467 ; account of 
its shores, by Virgil, .508, 5(K). 

Dardanelles, the. See Bosphorus and 
Hellespont. 

Dariul. defile of the, 216, 217, 218. 

Dartmouth hills, thunder-storm in the. 
519. 

Darwin, observations of Mr., 471, 472. 
.504 . 5.56, 556. .564. .568, .569. .574. .581, 
5M2. 585. 5*J3. G50. 668. 755. 758. 761. 
7<K1. 

Date-palm, the, .5.56. 

l)aiibcny. Dr,. 433. 78G. 

D’Aiibiiisson, M., 617. 620. 640. 

Davy, Sir Humphrey, philosophies! re- 
fli’Ction of, 399. 768 ; his theory of earth- 
quakes and volcanic eruptions, 433, 434; 
of mists, 465. 

Dead Sea, the. 314—316; view oi, 315; 
fabled fruits of tlie, 315 ; analysis of its 
waters, 316. 

Dead fish in the ocean, 690. 

Dh Candolle, botanical notices of M., 
.331. .547, 548, ,549. .550. 560. 569. 598. 

Deccan, the, 652, 

Dee, the river, .324, .325. 

Deerfield in Massachusetts, remarkable 
stratum at, 625. 

Delaware Bav, 3*96. 

De Luc, M,, ‘648. 772. 

Deluge, the great, was partial only, 694. 

Deintnu, lake of, 311. 

Denderah, sculptured planisphere of, 6. 

Denon. M., 421. 

Denud.ation of the land by riv'ert, 870— 
.373 ; valtcvs of, 629. 

Deposits, sedimentary, the origin of stra- 
tified rocks, 627, et al. ; were all origi- 
nally horizontal, 631. 

Depths of lakes, table of, 822; of the 
ocean, 326, 327. 

Derbyshire, loadstone of, 655 ; lead-mlnr 
of, 692, 6^ ; peat-moss of, 770. 

Deserts, great, 223 ; of Eurofie. 223, 224 ; 
of Asia, 225 . 228 , 229; Africa, 225 , 
226 ; of Sahara, 226. 228 ; of the North. 
229, 230; of America, 230—232. 2o4 ; 
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of France, 237, 288; of the East, 422, 
423. 

Deshayes, M., 740, 741. 748. 748. 750. 
Deimarest, M., 578. 

Devonshire, mild climate of, 492, 493 j 

Dewj'*lormatlon ’of, 480; depoBltions of, 
481 ; iu hot climates, 482. 

Diablerets mountains, fall of one of the, 
411. 

Diallafte, 050, 651. 

Dicotyledonous plants, 550. 563. 

Diluvium formation, 640. 

Diluvium, chapter on, 751 .-765; fossil 
animals found in, 752—702 : boulders 
of, 763—765 ; position of, 64) . 

Diornis of Now Zealand, 715. 
Dluntlierium, view of the, 748. 

Diodorus Shuilus, 144. 42.3, 535. 

Dlorite or greenstone, 045. 

Dip of strata, 014. 627. 

Dipterous fossil fish, 089. 

Discordant, or unooiiformuble strata, 
028. 

Discovery, astronomical, history of, 1 — 
32. 

Disintegrated granite, view of, 648. 
Dislocuiion of strata illustrated, 029. 
Disruption of rocks hy igneous action, 
032, et fiL 

Djsseininution of plant seeds, .56.5—507. 
Distances, relative, of the ancient pla- 
nets from the sun, 40 ; of the stars, 
102—104. 

Distrihutioii of plants, .546- .571 ; of ani- 
TiialH, .571 — .5!)4 ; of fossils, 6:15. ! 

Districts, the various coal, 700, et scq. 
Distiirhances, ancient, of the earth’s I 
crust have been liencticial to mankind, : 
029. 

Divination, founded on the appearance of 
tin* beuveus, 3. 

Division of plants, .548— 550. 

DobrizhofTer, 470. 

Docility of ihsh, ,575. 

Dodo, the, 707, 7^*0. 

Dodona, inflammable fountain of, 27.5. 
Dog, notices of the. .587 . 50.5, COl. 006. 
Dome, chain of Mont de, 740. 
Dorsetshire, land-slip on the coast of, 
302 : coasts of abundant in Iclitliyo- 
SHuri, 722 ; strata of, 727. 

Dovedale, valley of, description and 
• view, 210, 220. 

Dovor, straits of, 300; chalk cliflT of, 
301 ; |)resent state and ancient condi- 
tion of, 3!M». 

Downs, (or dunes ) how formed, 400; 

localities of, 401, 402. 

Dranse, the river, its source, 413; its 
irruption, 414, 41-5. 

Drift, formations, 040. 751—70.5, ct al. 

timber in the arctic seas, 361 . 

Dripping well nt Kiiareslmruugh, 277. 
Dromet&ry, tlie, .500. 

Drouglit, details of a great, in South 
America, 471,472 ; in Indhi, 472. 

Dm, Aiguille de, view of, 647. 

Druids, tradition of the. 648. 

Drummond, Sir W., assigns a knowledge 
of the telescope to the Greeks, Chal- 
deans and Hindoos, 10. 

Ducie’s Island, corals of, 384. 

Dudley basalt, notices of tlie, 627 ; basal- 
tic hills near, 654 ; Silurian rocks of, 
680. 

Castle caverns, description and 

view of, 2.57. 

Diiiidoii, source of the river, 279. 
Dufreooy, M., 6.50. 

Dugong, the, .501. 

Dumont d’lJrville, bis discoveries, 196. 
Dimdry hill, 725. 

Dutiwich, changes at, 395. 
Diirdhatn-down, fossil remains at, 
71.3. 

Durliam, magnesian limestone in, 642. 
Diirrenstein, on the Danube, view of, 
406. 

Dykes, volcanic, 6.50. 

iu strata, 033. 

Earth, transmission of light from the sun 
to the, 35; its distance from the sun, 

• 64. 73 ; revolution of round the sun, 
64 ; its probable light and heat, 05 ; 
•hows phases like the moon, 65 ; transits 


the solar disc, 65, 66 ; general observ- 
ations on, 70; its spherical figure 
proved, 71 ; its diameter at the |)ole 
and equator, 71 ; its rotation proved, 
72 ; its translation and velocity in space, 
72 ; the seasons caused by its double 
movements, 73 ; diagram showing the 
varying length of day ahd night on the, 
73 ; atmosphere of the, 76 ; is visible to 
some of the planetarians, but not to 
others, 75 ; Is invisible to a moiety of 
the lunarians, 80 ; den.<dTy of tlie, 106 ; 
has changed its position in the uni- 
verse, 183 ; f^reat natural divisions of 
the surface of the, 103 — 109 ; supposed 
causes of volcanic action and earth- 
quakes in the, 433, 434; antiquity of 
liie, 429. 434 ; Importance of rain to 
the, 402 ; benefits of diverse climates in 
tile, 484 ; soils of, influence climate, 
405 ; cliinuteof, has undergone chnngos, 
515 ; zoological provinces of the, .588— 
501 ; population of the. .596 ; true shape 
of, 013; composition of the crust of 
the, 022, (i23, ct al. ; fractured surface 
of, caused by upheavings, 620. 
Earthquakes, 386; at LislKm, 380; in 
Peru, 380; .Tamaica, 380, 387 ; action 
of, 430 ; CrcoicR of America dit-tlnguisli 
two kind.s of, 430. 431 ; Chill, 406 ; ex- 
tensive influence of, 431 ; in (Saracens, 
431 , 432 ; in Calabria, 434, 435 ; causes 
of, 433-436. 

East, tlic, astronomical inquiry bail its 
origin in. 2; In its deserts travellers 
early found the stars indispensable 
guhlcR, 144. 

Easter Islatid, .503. 

Easton, Mr., his table of longevities. 007. 
Kbcl, M., his account of glaciers, 208. 
Ehultient springs, 271—274. 

Echinites, fossil, 721. 

Eclipses, annular, unobserved hy the 
ancients, 1.5, 10; of the sun, .58: cause 
of, and description, .50 : annulur.OO. 8| ; 
table of, for this century, 61 ; descrip- 
tion of a total, 01 : eclipses ol the inuun, 
70. 80. 

Ecliptic, obliquity of the, determined, 
18. 74. 

F.dentKH, the, of Cuvier, .590. 

Eel, the, its wanderings, .578. 

Egina, view of the port of, 357. 

Egg, .Scuir of, 0.53, 054. 

Egypt, ancient and present condition of 
its land, 307. 421, 422; hot winds of, 
447, 448 ; mure the chief seat of iistru- 
noinical science, 8; granitic monu- 
ments of, 648. 

Egyptian system, the, explained and ex- 
amined, 14 ; was the prototype of the 
Tychonic, 14. 

Egyptians claim the honour of first ob- 
serving the celestial sphere, 4 ; their 
claims not altogether unrounded, 4 ; 
learned from the Greeks to measure 
the pyramids by their shadows, 4. 
Egmont, Mount, in New Zealand, view 
and description of, 2t)l. 

Ehreiiherg, Herr, 63.5. 749 
Elden Hole, In the Peak, description of, 
242, 243. 

Electricity, m.inire8tatjotis of during hur- 
ricanes, 4.52, 4.53 ; an agent io evapora- 
tion. 461 ; identical with lightning, 517 ; 
derivation of the word, 517 ; its energy 
decreases hy distance from the equator, 
.517; its operation in equatorial hati- 
tudes, 517—510 ; is connected with 
magnetism, .522; various maiilfesta- 
tions of, 52.3—529. 

Elements, the four, an exploded error, 
613. 

Elephant, the, 304. 600. 595. 

Elephants, fossil, 7.53. 

Elk, gigantic horned, 7-58, 759. 

Ellora, drought at, 472. 

Elevation, valleys of, illustrated, 030 
Elmo, Are of Saint, 520. 

Encke's comet, HI. 

Eiicriiiat limestone, illustrated, 693. 
Eiicrinites, illustrated, 676. 

Encrinitis moniliformis, view of the. 638. 
Encroachments of the sea, 38t5 — 388 ; 
chronological li'it of, 388— 390; in Hol- 
land, France, and Britain, 300^06 ; in 
America, 306. 


Endogenitse, fossil, 780. I 

Engineer, geological knowledge useful to i 
the, 020. 

England, flora of. 604 ; geological maps 
j *1' alluvium and 

drift, 642 ; Igneous formations of, 0.56 ; 
abundance of the new red sandstone 
strata In, 700, 710; oolitic formation 
in, 718 ; chalk strata of, 731, et ttrg. 
Ensisheim on the Rhine, fall of meteoric 
stones at, 132, 133. 

Eocene tertiary period, 741—747. 

“ Eothen,” citation from, 228, 2J0. 
Epacrides, botanical regions of the, 5C2. 
Epicycles, Ptolemy's theory of, f3. 

Epoch, the tiiiman, in geology, 636. OliO. 
Equatorial and hot regions, climate of 
the, 504, .505. 

Equinoxes, nrecession of the. 73, 74 ; has 
cuus(>d zodaicul changes. 140. 

Era (astrononiicnl) of the Greek and 
Alexandrian schools, 1—10; of Coper- 
nicus, 'I'ycho Brahe, Kep]iler, and Ga- 
lileo, 17 — 32 ; of Newton, Halley, and 
llcrsidiel, 33—40. 

Erebus, Mount, 210. 

Erethrina, or eoriil-lree, 5.5,5. 

Erica, the genus, .5.58. 

Erie, lake, deposliieits of, 740, 

Erratic rocks, 700. 

EHcalonias, hotanicul regions of the, .501 . 
Escape, providential, of a Swiss sheii- 
herd, 411. 

Escher, M., Ills arcniint of the inundation 
from the Va) de Hagnes, 414. 

Escobar, Maria de, 607. 

Ebkdale, pout-mosses of, 770. 

Esquimaux drift to the Orkneys, .303 ; 
shelter of the, 477 j food of trie, f#07 ; 
skulls of. 005; stature of, 005; hair 
of, WKl. 

Etesian winds, 447. 

Ktliiopiun division of the human race, 
003. 

Etna, Mount, 210. 212. 410; view of. 213; 
changes In, 424. 427 ; variety of cllniatos 
on, 401 ; Ovid’s reinurk on, 010 ; erup- 
tions of, 780; iissures in, 654. 

Euhepa, ertliqiiake at, 433. 

Eucalypta*, hotanienl regions of the, 502. 
Eudoxus of Cnidus described the face of 
the heavens, 147. 

F-iioiTiphali, fossil, illustrated, 075. 
Euphrates, the river, 204. 

Europe, computed population of, 5fl6 ; 
diversities of tlie humu i figure in, (i05 ; 
granitic mountains of, 045. 

Piiixiiie Sea, the, 300. 

Evaporation, its causes and eflects, 401 ; 
takes placH from terrene as well as 
aqueous surfaces, 461 ; its natural limits, 
461, 462. 

External structure of rocks illustrated, 
62.5, 

Eyes, immense number of, in some niii- 
nialft, 672. 

Kalde, Arab, n beautiful, 016. 617. 
Fidiretiheii. thermometer of, 484. 507. 
Fair. head, Ireland, basaltic pronioiitory 
of, 653. 

Falkland Islands, the, .581. .582. .5!i6. 668. 
Fall River, view of rockiiig-stoiie at, 
761. 

Falls of Trolhettn, descrirition and view 
of, 285 ; and of Teriii, 286. 

F'ata Morgana, 5.35. .540 ; view of the, 538 ; 

causes of it, .5.38. .540. 

Fault in strata, illustrated, 620 ; In oval 
strata, 008, 6!a 

Faval, mariiH* uioadows near, 348 
Fejee island, hot spri»8 1»> 

Feline race, the, .508. 

Felspar, its compounds, and where found, 
62^3 ; a component of granite, 644 ; its 
cruinhliiig nature, 048 ; forms a moiety 
of greenstone, 652; glassy, 665 ; por- 
phyry, 654. 

Fennel, Its prolific nature, 669. 

Ferguson, James, 158. 

Fern plants, 551 ; fossil, 706. 

Field plants, 540. 

Fifeshire, coal of, 642. 

Fibrous structure of rocks, 624. 

Fiodhorn, loss of land at the river. 401, 
402. 416- 420; basin of the river. 683. 
Fiords of Norway, description and view 
I of, 332. 
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Fir-trees, vtrlout species of, 552 ; extra- 
ordlnarr, 772. 

Fire-betls, ISl . 619, 52S. See Stars, falling 
aod shooting ; also Meteoric Showers. 

Fires of the interior of the earth, 666. 

Firmament, index to the arrangement of 
the stars in the, 1.66—166. 

First cause, necessity for a, 40. 107. 164. 
182 ; is not suspended bv the adoption 
of the nebular hypothesis, 191. 

Fishes, class of, 674 — 679 ; longevity of, 
676 ; sword-flsh, 676 ; phospliorescence 
of ftsli, 876 ; numbing power of several 
kinds, 676; climatHl dilTerences in the 
varieties of, 677; the cod, 677; mackerel, 
thunny, pilchard and herring, 677, 678; 
migrations of several kinds, 678 1 spe- 
cies having analogy to land mammalia, 
678, 679 ; fossil, list of successive, 638, 

a». 

Fissures in rocks, 62.5. 632 ; volcanic, 644. 
656 ; at Palistena, 432. 

Fitiroy, Captain, 45 i, 775. 

Fixed stars. See Stars fixed. 

Finmborough Head, cliffs of, 731. 734, 


Flamstead, the first astronomer royal, 
,36 ; is highiv esteemed, 87 ; was of 
bumble origin, yet attained the summit 
of practical astronomy, 37 ; his labours 
much assisted Newton, 37 ; liis letters 
discovered by Mr. Bailey, 37 ; was 
uiihaiidsomely treated by Newton and 
others, .37 ; observed the northern 
hemisphere, 41 ; eited, 358. 

Flealmne, wide dissemination of the 
plant, 565. 

Flinders, Captain, his researches, 383. 

Flints, found usually in chalk, 73:1. 

Iloating islands, 818—320. 693. 

Floods, great, at Mnrtigny, 413 — 416 ; in 
Morayshire, 420. 592, '593. 

Flora, ancient, of the earth, 707. 

l''l(iwers, their beauty and uses, 646. 

Fluvlatlle deposits, 776, 777. 

Flying-fish, the, .575. 

Fiilkstone, land-slin at, 392. 

l''oot-inarks and other traces of animals 
in strata, 631. 716. 

Forbes, professor, bUaliilne experiences, 
207, 208. 841. 

Forest plants, 549 ; marble, 724 ; hills, 
752. 

Forests of equinoctial Am«irlca, descrip- 
tion of, by liuinbuldt and Darwin, 655, 
5r»6. 


I'onnations, geological. 636. et al. 

Forster, Mr. W. M., Newcastle colliery 
tables, 606. 697. 

Forth, river, its tortuous course, 282. 

Fossil organic remains, their true nature 
and origin unknown till recent times, 
617: definitely distributed in the 
earth's strata, GIU ; ferns in coal strata, 
6.31 ; remains, 662; of the Silurian 
system, 670 ; in the carboniferous 
system, 6J)0, et tea.: fossil trees, views 
of, 706, 706. 

Fossils found in caverns, 251—254. 

Fossiliferotis rocks, division of, 6.36, et 
aeq. ; tliie.knes8 of in Britain, 637. 

Foyers, falls of, 28.5, 28G. 

Fox, the, 688 ; polar, .592. 

France, const of, 402 { extinct volcjinnes 
in central, 427. 429 ; action of t he fire 
in, 460; varying climates of, 498; flora 
of, 564 ; new red sandstone system of, 
708. 713 ; oolites of, 724, 725 ; clays of, 
726 ; chalk of, 731, etai.i tertiary stra- 
ta of. 745. 747. 

Franklin, Dr. Beniamin, observes the 
effect of oil in stilling waves, 361, 352 ; 
his celebrated kite experiment, 617. 

, Sir J<ihn, 625.528. 

Freiberg, school of miners at, €17 ; mass 
of silver found there, 634. 

Fresnel, M., 463, 

Frost, Its operation on rocks, 408. 

Froien regions, climate of, 606, 607, 

Frugivorous races of men, ,597. 

Fruits and cultivated vegetables, notices 
of the introduction of various, 867— 


Fuel, 668. 

Funchal, great floods at, 416, 416. 
Fuller's earth, 725 
Fungi, 660. 661. 


Oailenreuth Cave, section of, 266. 
Galapagos islands, the, 682. 

Galaxy, the. See Milky Way. 

Galileo, hit birth and career, 29; advances 
tile system of Copernicus, 29; discovers 
the four satellites of Jupiter, 29, 30 ; 
discovers, though imperfectly, the pe- 
culiar structure of Saturn, and the 
phases of Venus, 30^ demonstrates the 
earth’s rotation. 30 ; is persecuted for 
his doctrines, 30, and belies himself, 
3i; falls into distress in his latter years, 
but dies at on advanced age, 31 ; can- 
did apology for, in the mistaken con- 
duct of his fiersecutors, 31 , 32; observes 
a nebulositv, 184. 

Ganges, the fiver, 202. 281. 294. 870, 371 ; 
contrasted with the Jumna, 325; mouth 
of the, 302; gavlai of the, 579. 590 ; raft 
islands at the mouth of the, 693. 
Garonne, the river, 202. 549. 

Garnet. 659. 

Gas, irrespirabie, formed in caverns, 2.55; 
at the Grotto ilel Cane, 255 ; at St. Le- 
gcr, in Dunsphole, and in Java, 256. 
Gases, the flve elementary, 622. 

Gassendi, the celebrated, 133. 

Gault. 732, 7:i3. et at. 

Guvlul of the Ganges, the, 723. 720. 
Gay-Lussac, M.. 46:i. 619. 

Geant, mountain of the, 648. 

Gemma, Cornelius, .527. 

Gemini, or constellation of the Twins, 
160. 

Genova, or Leman Lake, 320; lateral 
mirage on the, 643 ; alluvium of, 776. 
Gensanne, M., 501. 

Genesis, definition of the word, 598. 
Geogruiihy, science of, its origin, 193; 
definition of the word, 195 ; and of the 
subordinate terms of, 197. 

Geological Hociety of London, its labours, 
620. 

Geology, what it is, 611 ; its origin as a 
scienee, 61 1 ; obstacles it liad to en- 
counter, 612, 613 ; its study exalts hu- 
manity and glorifies the Creator, 614. 
786, 787; thenneients had some glimpses 
of the truths of, 61.5, 616; era of mo- 
dern, 617; Werner's theory of, 617, 618; 
Dr. Hutton’s, 618; William Smith’s 
labours in, 619, 620 ; use of, in the arts, 
620 ; tolls the early history of the globe, 
621. 

Geophaglsti, or earth-eaters, 597. 
Gerard, Captain A., iiis description of 
the Darial pass, 217, 218 ; view of, 782. 
Gerdan, lake, floating islands in, 319. 
German Ocean, tides of the, their opera- 
tion on tlio British coait8,372; sands of 
the. 772. 

Germany, surface of, 2.36, 2.37 ; new red 
sandstone system of, 708. 713; oolitic 
fossils of, 721. 

Germination of plants, after long immer- 
sions In the ocean, 566. 

Geysers of Iceland, description and view 
of the, 271— ’273. 778. 

Giant’s Causeway, the, 626; notices of 
the, 663. 731. 

Gibraltar, .Straits of, 329. 3.37; view of, 
366 ; Dutch ship sunk in the, 86G, 367. 
Gilpin, Mr., 76a 
Giraffe, the, 587. 690. 694. 

Giggleswick spring, Yorkshire, 268. 
Glaciers, their nature and movement!, 
207 . 341, 342; their disastrous action, 
412—415. 

Glairine, a fossil animal substance, 277. 
Glamour of the Highlanders, 636. 

Glance at the stars, 143—158. 

Glen Tilt, geological character of, illus- 
trated. 682, 633 ; 669 ; Roy, 777. 
Gloncw!, 6,59. 

Globe, area of the, 195 ; presents the two 
grand natural divisions of land and wa- 
ter, 105 ; tides at various points of the, 
355—3.57; denudation of its lands by 
river action, 370—373 ; geological rea- 
soning respecting the, 425 ; changes in 
the, 434. 435 ; botanical regions of the, 
660—664 ; crust of the, 61 1, et aeq. ; fos- 
sils In the strata of the, 635. et aeq. 
Glogau. a powder magazine saved from 
explosion at, 52t. 

Gmelln. M., .528. 603. 604 
Goat, the, 588.606 


Goatfell in Arran. 666. 

Gold ore, where found, 634. 

Goidau, vale of, 409, 410. 

Goodwin Sands, the, when and how 
formed, 387. 

Gorbitz, valley of, Igniz fatuus ill the, 
644, 646. 

Graba, his account of the Vogel-berg, 
680, 681. 

Graham, Mrs., her account of an earth- 
quake in Chili, 405, 406; Professor, 
670 , 

Grampians, the, 669. 681. 

Gran Seco, the, 767. 

Granite, its composition, 624 ; interming- 
lings of, in strata, 631; underlying mas- 
ses of, 632 ; croppings out of. In Glen 
Tilt. 632, 633. 641, 642; forms the 
skeleton of the earth, 646 ; general lo- 
calities of, 645 ; in Britain, 

Granitic rocks, 644 — 6.56 ; veins in grau- 
WRcke and gneiss, 649 ; igneous cha- 
racter of, 657. 

Granular structure of rocks, 624. 

Graphic granite, illustrated, 644. 
Grauwacke, 656. 

Gravity, or gravitation, the great law of, 
39, 40. See Attraction. 

Grass plants, 651, 552. 

Great Bear Lake, 318. 322. 

Great Britain, the suriuce of, nearly all 
stratified, 635. 

Great Slave Lake, 318. 323. 

Greeks, their attainments in astronomi- 
cal science, 6. 12. 

Green sand, 732, ct al. ; shells found in, 
732, 733. 

Greenland, cast coast of, 342. 507 ; anl- 
mulcula in the seas of, 348; insect 
scourges of, 574 ; white hare of, 589 ; 
brown fox in, 692. 

Greenough, Mr., 619. 761. 

Greenstone rock, is usually columnar, 
626. 

porphyry, 6.54. 

, or diorlte, 645. 

, or whiustones, 662. 

Grenier, fall of Mont, 411, 412. 

Greenwich Observatory, its origin, 35 ; 
its successive superintendents, :46; its 
arrangements and importance, 36. 
Greywacke, W2. 

Orindelwuld. valley of, 208. 

Grinsill, fossil animal remains found at.* 
713. 

Groningen, pent of, 769. 

Grotte des Fromages, view of the, 653. 
Grotto del Caue, description and view 
of, 255, 256. 

Group, oolitic, composition of the, 724— 
731. 

Gryllus migratorius, or locust, ravages 
of, 573, .574. 

Guacharo, cavern of the, description of, 
245, 24G; subterranean vegetation in 
the, .547. 

Gnadiana, the river, 292. 

Guadaloupe limestone. Iiuman skeleton 
found in the, 636. 760. 

Gull Stream, 360. 362. 3G4. 372. 494 . 592. 
Guiana, spider of, 673 ; fossils of. 587. 
Gurtshellir cavern in Iceland, 242. 
Guwo-Uuas, or Poisoned valley of Java, 
its noxious gas, 2.56. 

Guy’s Cliff, fossil batrachians found in, 
713. 

Gwennap, consolidated mines of, 634. 
Gyranotus electrlcus, the, 676; Hum- 
boldt's account of the numbing power 
of the. 676, 577. 

Gypsuin, its nature, 739 ; found in red 
sandstone, 711. 

Hsmatite, or bloodstone, 634. 

Hall, formation and theory of, 478 ; 

operations of, 478—480. 

Hair, divers colours of the human, 699— 
601. 

Halfway Island, coral formations of, 383. 
384. 

Hall, Sir James, 649. 

— Captain Basil, an expert navigator, 
144, 145; observations by, 329. 365; 
his Alpine experiences, iK)8 ; his ac- 
count of Niagara Fails, 288, 289: of 
sen-water, 329 ; of tropical storms, 334, 
335 ; of the Yellow Sea. 871 ; of the 
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coral iniectf, 882, 888; of Italian re- 
main*. 405 ; of an inundation, 415. 
Halley, 8; his birth, career, and labours, 
41 ; becomes second astronomer ri^al, 
41 ; his voyages, 41 ; observes the 
comet of 1680, which since took his 
name, 41, 42; his predictions, and their 
verification since his death, 42; his 
opinions on meteors, 131 his courtli- 
ness, 147 ; his observations on a variable 
star in the Swan, 171 ; observations by, 
470. .^72. 

Halos, 530. 

Hamilton, Sir William, 404. 432. 

Hammer, M. von, the Orientalist, 136. 
Hammnrfest, island of, 552. 

Hampshire geological basin, 742. 

Hana, the, its importance to man, 595. 
Hannibal, his passage into Italy, 215. 
Harding, discovcredan asteroid, 158. 
Harmattan, or desert hot wind, 44S, 449. 
Hartside mountain, 451, 452. 

Hastings, singular atmospheric pheno- 
mena seen at, 537. 

Hatfield Chase, account of, 771, 772. 
Hatteras, Gape, 364. 

Hawau, or Owhyhee, prodigious vol- 
cano in, 210. 

llawkshnw, memoir by Mr., 704. 

Haytl, negroes of, 609. 

Head, Captain, 5G9 ; his description of the 
Pampas, 233. 

Heads, shape and iilnstratinns of the 
varieties of human, 601. 604. 

Heat, rarefaction of air by, familiarly 
illustrated, 436 ; a higii degree of, sup- 
portable by man, 464 ; Intense, in 
Viirious places, 495; Increases as we 
descend into the earth, 501,502; is a 
grand agent in evaporation, 461 ; has 
caused the upheavings of rucks, 631 , ei 
al. i supposed focus of, in the centre 
of tlio earth, 643 ; intense action of. 
643. 

Heath plants not common in Asia and 
unknown to America, .558. 

Heavens, appearance ol the, oH ; scenery 
of the, 49—192 ; optical illusion n?- 
garding the, 146 ; guide to the constel- 
lations in the, 1.56— 1.58. 

Heller, Bishop, observations of, .509, 600. 
llebcrden. Dr., 469. 

Hebrides, the, 36^ ; geology of the, 660. 
662. 

Tloela, eruptions of Mount, 781, 782. 
Hedge or thicket plants, .5,50. 

Helena, St., island of, 326. 356; pecu- 
liarity of its plants, .5.58. 563 ; was long 
uniiinubited, 596. 

Heliacal setting, the, 5. 

Heligoland, islands of, 393. 

Heliopolis, obelisk at, 15. 

Hellespont, movement of its waters, 366 ; 

Byron swam across, :166. 

Helm-weed in Cumberland, account of 
the. 451, 4.52. 

Hemisplivres of the globe, diversities of 
the old and new, 198; temperatures of 
northern and soutlicrn, 502. 
Henderson, Mr., 528. 

Ilcnslow, Professor, .568. 

Herbivorous fish, .578, 579. 

Herculaneum, city of, 42.3, 424. 

Hercules, the constellation, 178, 
Herefordshire has no coal, 641 ; sand- 
stone of, 681, 682. 

Herodotus, 7. 

Herring, the, its rapid movement, .575. 
llerschel. Sir William, his birth and his- 
tory, 44 ; his great telescope, 44, 4.5 ; 
much extended our knowledge of the 
solar system, and discovered Uranus 
with its satellites, 45 ; also the sixth and 
seventh satellites of Saturn, 45; re- 
solved the Milky Way into an infinite 
number of stars, 46 ; time of his death, 
46; view of his great telesco(>e at 
Slough, 160; his catalogue of nebulK, 
179; his observations on, 182; bis 
estimations of their distances, 184. 

. Caroline, sister of the preceding, 

and the constant partner in his labours, 
46. 179 ; survived her brother, 46 ; dis- 
covers a nebula, 183. 

, Sir J., nephew of the latter, and 

son of the former ; his discourse be. 
fore the Astronomical Society, 143, 144 j 


bis catalogue of nebuin, 179, 180 ; no- 
tices of his labours and citations from 
his disquisitions, 181, et al. 

Hesiod. 5, 6. 

Hesseburg, fossil footmarks at, 714. 

Hevelius of Dantsic, his labours, 84 ; 
specially observed the northern hemi- 
sphere, 41 ; Hounds of, 154, 1.55 ; dis- 
covers a temporary star, 168 ; searches 
for the Stella Mira, 170; observations 
of, 275. 308. 397. 

Highlands, the Scotch, 658, 659. 662. 681. 
etal. 

High water at various places, time of, 
366,357. 

Hills, tlie Pentland, principally felspar, 
623. 

Himalaya range, geology of the, 645. 681, 
et al. V 

Himalayas, mountains of the, 204. 487, 
488. 541. 

Hinds, Mr., 548. 560. 569. 

Hindoos, complexions of the, 599, 600. 

Hindu tables, 4. 

Hipparchus, the ^eatest astrunumleal 
name in antiquity, 10; made a cata- 
logue of the fixed stars, lO; also an 
artificial globe, 11 ; his system illus- 
trated and examined, 12, 13. 

Hippopotamus, the, 590. 594 ; the fossil. 


/OJ. 

History of astronomical discovery, 1—48. 
Hitchcock, Professor, 683. 702. 714,716, 
716. 761. 

Hoar-frost, 48.3. 

Hob-hole, Whitby, view and description 
of, 393. 

Hoff, M., ,388. 398. 

Hog, notices of the, 588. .592, 593. 605, 


OOG. 


Holland, tides of, 3.58 ; coasts of, 401. 
, Dr .,712. 

Hollows, circular, at Pallatena, 43.3. 
Home, Sir Evcrard,72l. 

Homer cited, 5, 6. 130. 154. 2.59, 260. 269. 
367. (KK). 


Homo, the genus, 595. 

Honfieur, fossil bones found near, 723. 


726. 

Hooke, Dr., developed the infiuence of 
gravity. 37. 

Hooker, Sir William Jackson, .517. 
Horizontal stratification illustrated, 625, 
626. 


Hornblende, a component of granite, 644 ; 
and of greenstone. 652; of truchytic 
rock, 6.55 ; slate, 6.59. 

Horsburgii, Captain, 384. 4.30. 

Horse, the wild, of .South America, .587. 
600, 601 ; other animals of the equine 
kind, .598 ; diversilies of the, GU5. 

Hotoplychius, the, (i8(), (i«l . 

Hot spring plants, 550. 

Hot-wells. See Thermal Springs. 

Hot winds, 447—4.50. 

Hothain volcanic Island, visit to, descrip- 
tion and view of, 377— .379. 

Howard, Mr. J.nke, 463. 480. 483. 

Hudson, the river, 620; Palisadoes, or 
basaltic rucks of the, 626. 

Human race, chapter on tiie distribution 
of the, .595 — 610 ; its numbers, 596 : 
food, 697 ; varieties, 598 ; colour of 
skin, and complexion, 59<) ; iliape of 
the head, 601—605 ; bodily proportions, 
605; odours, 60.5, 606; other diver- 
sities, 606, 607 ; longevity, 6W, 608 ; 
general analogies, 608 ; pretensions and 
usurpations of races, 609; original 
unity, 609 ; and accidental dispersions, 
610. 

Humboldt, Von, 212; his account of the 
Cmrdilleras, 219 ; of the .Saliara and 
other deserts, 226. 229 ; of the llanos, 
230, 231 ; of cavities in the earth, 240. 
212; of Guaebaro, 245, 246; of the 
climate of tropical America, 296, 297, 
298 ; his conjecture regarding the Cas- 

R iaii, 317 ; notice of oc;eaii spiings, 328 ; 

ght and colour of oceanic water, 330. 
333 ; and its temperature, 335, 386 ; his 
observations on the Mediterranean, 
347 ; on the Atlantic seaweeds, 348 ; 
currents, 362; of the earthquake at 
Caraccas, 431, 432 ; of the tropics, 441'; 
his measure of rain-falls, 470, 471 ; hit 
observation* on Teneriffe, 491 ; hi* 


table of climates, 493 ; his theory of 
Amtirlran climates, 495 ; his account of 
climates ill general, 496—503; of u 
thnnder-stunn at Cuman.i, 618; and ef 
a halo seen there, .5.39 ; of subterranean 
p'ants near, .547 ; gigantic trees mea- 
sured by, .549, ,5.50 ; Ids account of the 
forests of equinoctial Aroericji, 55.5; 
and its trees, .5.58 ; declares tlie native 
eoiintry of the potato to be unknown, 
567 ; describes the action of tlie elec- 
trical eel on man and animals, 570, .577 ; 
his account of a cayman, 580 ; of tlie 
Jaguar, 586 ; of the wild horses of 
South America, 587 ; oftheoarth-eHtiiig 
Indians, 598 ; of the acute scent of 
Indians, 606 ; of the longevity of In- 
dinns, 607 ; was a pupil of Werner, 617 ; 
his observations on the Peruvian rocks, 
645 ; on the Andes’ top«, 66fl. 

Hungary, mnuiiUiiis of, 656. 

Hunter, Mr. John, 609. 

HnrricancR, 451—4.56 ; in South America, 
45] ; in the East and West Indies, 452— 
4.55; their whirlwind cliaracter, 458. 
4.56 ; their action on desert sands, 4.56 ; 
on dusty plains, 4.57 ; on the ocean, 
4.57, 458 ; iihistrntion of tropical, 451 ; 
their uses In tlie economy of nature, 
458, 4.59. .565. 

Hutton, l)r. James, propounded the Vul- 
caniitti or igneous hypotliesis of geo- 
logy, 618, 619 ; ills exploration of Glen 
Tilt, 632, 6:i3. 

, Mr., 702. 

Huygens discovered a satellite of Saturn 
and the great nebiilu in Orion, 34 ; is 
invited to, hut afterwards liaiiished 
from, France, 34 ; his discoveries, 34. 
184 ; a remark ol his, 164. 

Hyades, eoiistellntion of the, 159. 

Hydrogen, with oxygen, forms water, 

622 . 

Hygrometer, the, 462. 

HylnmsaiiruH, the, 7’,V). 

Hyperstliene, a component of granite, 
644. 645. 

Hypogenoiis rocks, 64.3. 

Hypothesis or tlieory, nehnlar, of ller- 
sehel and Laplaee, 47 ; not atlieiKticul 
ill its nature, 191, 192; oflJnnicns re- 
garding the original habiUt of plants, 
diilicnities attending tlie, .’>ti4. 


Ice-fields in tlie ocean, descriptloTi and 
view of. 337. .'WH; ieehergs, origin and 
character, with an illustration, 338— 
34-5; perils to navigators from, 339 — 
.'Ml ; .'M2— :M5 ; aiiimalH drifted on, 592. 

Iceland, 361 : Yokiils of, 21)7 ; volcanic 
Isle near, 379 ; calamities in, 370 ; boil- 
ing mud of, 515; liglitniiig in, 519; 
aurora borealis in, 527 , 528 ; atmo- 
spherical iholliermal phenomena of, .'>42; 
white laiars of, >WH. 

1c.tithyo|ilingoii8 races of men, .597. 

Ichtliyiisaiirus, the, 0:18 ; 721, 722. 

Irhnnlites, or fixit-priiits in stone, 714. 

lehyoliles, 084—686. 689. 691. 

Igneous action, force of, 6:il. 643 ; jMist, 
in Brltoiii, 656. GilR, 699. 

Ignis fatiius, the, 543—545 ; l(K'allties of, 
.543. 544. .'•>45 ; view of a. Ml ; arises 
from infiaminable gas, .545. 

Iguono, the, 729. 

Ignanodon, the, 72f». 739. 

Illusions, spectral. 5:t5— .543. 

Inclined stratification, lllusiratlon of, 627 
—630. 

India, flora of, .562, .563. 

Indications, eonclndiiig chapter on gene- 
ral geologieal, 7H3 — 785. 

Indus, the river, 294. 357. 

Inequalities of the ocean bed, 326. 

Inflammable springs, 275, 27G. 

Infusoria, 572. 614. 

Inglis, Mr., his mountain experiences, 
214, 215, 216; traced rivers to their 
sources. 278 ; hi* opinion of the Slian- 
non rapid, 284 ; his estimation of divers 
European rivers, 29*) ; account of the 
Tyrolese Alps, 490, 491. 

Ingredients, tlic various, Ibund In granite, 
f>44 645. 

Inquiry into the origin of the various 
races of men. 599—610. 

Insect tribes, the, 572; in equatorial and 
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polar roglons, STS; the 1octut« 57S, 674; 
foatlU lilt of ■uooenlre, 688, 6S9. 

I iDlermittent fprinst, 366, S66; diifratn 
{ of the action of one. S(t6. 

Internal rtruoture of roeka. Illiutrated, 
624. 

I Intertropical regloni of animali, 689. 

Irbv ana MMglea, Captalna, SIA. 431. 
Ireland, lakei of, 810, 811 ; climate of, 
498} has no lerpenn or toads, A79 ; has 
no tertiary atrata, 739; Mnurne, granite 
mountaina of, 649, (IM) ; pltchstone of, 
SSD ; north'Wcat geological diitricti of, 
i Cfl® ; aoiithern, GC8 ; hogs of. 769. 

1 Ironstone, localities of, 69ft, 696. 

, Irving, Washington, his description of 

I the prairies, 2;i4. 

Ischia, island of, 779. 
hiay, isle of, 661. 

Jaguar, the, or American tiger, 586, 587. 

' 589. 

.lameson, Professor, 401. 421. 618, 619. 
Jarrnw colliery, fossil lepidodondra found 
in, 70fi. 

•lava, isle of, 591 . 

JefTcraon, Mr., 7ftB. 

Jericho, rose of, a remarkalile plant, 248. 
Jerome, 8t., passage in his commentaries, 
267. 

, Jerusalem, temple of, 622. 

Jews, various complexions of the, 600. 
Joann ina, description and view of, 323. 

I Job, Book of, gives indications of the 
I I lieavcnly bodies, 2. 

; Joints of strata, (»0. 

I Jordan, the river, 300, 301. 31.5. 

I Jornllo mountain In Mexico, cicacription 

: and view of, 239, 240 ; its origin, 426. 

I 782. 

I JosephiM, dtations from, 315. 522. 

I Judea, rains of, 469, 470, 471 ; hall-storm 
I I In, 479 ; dews of, 4H2. 

I i Jungfrau, the, or Maiden Mountain, 203. 
Juno, the planet, or asteroid, 91 . 

Jupiter, the planet, 93 ; his brightness*- 
distance from the sun— path and rate 
I of movement— dimensions, 98 ; his 

j densitv — form, 94 : has no seasons 

\ like the terrestrial — reasons tliore- 

' for, 94 ; tones or bands, otherwise 

I bidts, of, 94, 96; their supposed use, 95; 

t muons of, four In number, 95 ; eclipses 

j of the, 96 ; one of great use in astro- 

I tiomical calculations, 96; the Jovian 

j system a miniature of the solar, 97 ; 

area and solid contents of, 102; incli- 
' nation of, to the earth, 104 : density 

j of, 106. 

( Jura, district of the, 408 ; section of un- 
i dulatiHl strata of tlie, 630. 

limestone, the, 718. 761 ; oolitic sys- 
tem of the, 724. 

i .isle of. 661. 

i Jussieu, M., 551, 552. 

: Kaaterikill Falls, description and view of 

I the, 284. 

Kadre, a savage of Ulea, his enforced 

j voyage, 610. 

I Kniol'aro, tiie ancient Charylidls, 368. 

Kamenis, volcanic isles of tlie. 374. 
Kaintschatka, 588. 

j Kaiuial Steig lake, view of, 310. 

i Kangaroo, the, ft!»l . 894. 

Kauf, Professor, 714. 748. 

Keith, Mr., onthedissemluationof plants, 
i 665. 

I Kelloway rock, the, 726. 

I Kentish ragstone, 780 ; chalk, 731 . 

I Km>pler, John, is invited to Prague hr 

I Tycho Brahe, 26 ; his birth, education, 

I and discoveries, 27, 28 t hit three great 

laws, 88 ; becomes a lealous Coperni- 
can, and was the harbinger of Newton, 
28 ; his oliservatiniis on the comet of 
I 1604, and others, 28 ; fails into distress 

I in hit latter years, 28 ; hit death. 29 ; 

' was the discoverer of the general laws 

! of the universe, 83 ; surmised those of 

gravitation, 38 ; also the existence of 
other planets, 46 ; was a constant 
watcher of the stars, 158 ; his familiar 
' refutation of the Epicurean atheism, 

167 i hit graphic account of a new star, 

! 168} divined the true cause of tides, 

• 88 . 


INDEX. 

Kerguelen’s Land, flora of, 563; is desert, 
696. 

Keswick, rainfalls at, 469. 478. 

Ketturin loch, view of, 809. 

Khamsin wind, 447. 

Killarney, lakes of, 310. 

Killicrankie, 659. 

Killfngworth coal mines, 502. 
Kimmeridge clay, the, 726, 727. 
KInderscout, eminence of, 694. 
Kingsclere, valley of, lilustratod, 660. 
Kirby, Rev. Mr., 643. 

and Spence’s Entomology, 7-16, 746. 

Kirkdale Cavern, fossil bones found In, 
2.M, 252 ; view of opening to, 252. 
Kirkcud'iright, illustration of rocks at, 
655. 

Knight, Mr. T. A., 6M. 

Kofenstein’s account m fossils, 635. 
Konig, Mr., 72i. 

Kunigslterg in Norway, huge moss of sil- 
ver found at, 634. 

Koran, mentions the stars as used in na- 
vigation, 144. 

Kupper schelfer, or copper state of Thu- 
ringia, 713. 

Labiatsp, botanical region of the, 560. 
Laborde, Count A., 712. 

Lacfipftde, .576. 578. 
liaeustrlno deposits, 775, 776. 

Ladoga, Lake, 318. 

Lagoons, wtmt they are, 308 ; common in 
coral Isles, 384. 

Lakes, chapter on, 308—325; their 
characteristics, and origin, 308, 309 ; 
those of primary regions, 109, 110; of 
secondary regions, 310; of Britain, 
810, 311 ; of Ireland, SII ; of Europe, 
&c., 311, 312; lakes without affluents 
nr nutlets, those with outlets and 
affluents, and those with affluents, but 
witliuut outlets, 312—317 ; those with 
both affluents and outlets, how formed, 
317: characteristics of various, 318; 
floating islands in, 318—320. .593 ; fluc- 
tuations and changes in, 320, 321 ; tiie 
American, 321,822: depth of various, 
322 ; periodical, 322, 323 ; decrease in, 
3‘i3, 324 ; of Wales, 324, 325. 

Laluude, M., anecdote of, 158; his cata- 
logue of the stars, LW. 

Lamartine, M. de. 5.59. 

Lambert, bis lofty speculations regard- 
ing the universe, 182. 

Lamarck, M., 750. 

Laminar structure of rocks, 624 ; forma. 

tl<ins, hypothesis of, 6,58. 

Lainmermuir hills, the, 662. 

Lancaster Sound, 450. 

Lund jr.lmnges, interior, chapter on. 407 
— 435 ; in mountuinoui regions, 407 , 
in satidy regions, 421—423; in active 
volcanic districts, 423; in inactive vol- 
canic regions ; after earthquakes, 431 ; 
concluding reflections on. 434, 436. 

- — slips, and mountain slips, their 
catises. 408 ; of Mntmt Carnaiis, 408 ; 
of the Kosenberg, 410; of Mont Coiito, 
410; of les Diablerets, 411 ; of Mont 
Grenier, 41 1 ; in the Alleghanies, 420, 
421 ; at .Seminoria. 433 ; view of a, 
GIS ; of Mantz hill and Kyuaston, 
679. 

Landes of Bordeaux, 237, 238. 402. 
LuugutHinc, extinct volcanoes of, 417. 
Laplace, M., 3; solved the problem left 
^ Newton and Keppler, 34 ; eulogises 
Flamstead, 37 ; his estimate of New- 
ton’s Principia, 38; and of Bradley’s 
merits, 42 ; his opinions of temporary 
stars. Iffi); happy illustration of, 188, 
189; inferred neiiuise to be incipient 
stars, 191. cited, 436. 

Lapland, swarms of insects In, 574 ; white 
bear of, 588. 

Latliam, Mr. W., his account of some 
remarkable atmospheric phenomena, 
5.37. 538. 

Latitude of a country much determines 
its climates, 458. 

Lauder, Sir Thomas Dick, his account 
of the Morayshire floods. 416—420 ; of 
Glen Roy. 777. 

Lauren, liiH of, 649. 

Laurentinc chapel, Florence, 660. 

Lava, streams of, 488. 434. 


Lavas, recent and ancient, have the 

columnar form, 626, 627 . 

Lavoisier, M. de, 130. 601. 

Lawrence, Mr., his hypothesis of races, 
609. 

Lawrence, river St., islands of the, 880 ; 
rapids of the, 284 ; elevation of the 
waters of the, 292 ; their phosphores- 
cence, 838, 334. 

Lay well, near Torbay, 268. 

Lead, where found, 634 ; black, or plum- 
bago, is a carburet of iron, 624. 

Lebanon, cedars of, with an illustration, 
569, 560. 

Leaves, fossil, 631. 

Leeuwenhoeck, 677. 

Lehman, his classiflcation of rocks, 637. 
(>40. 

Leibnitz, first classified rocks, 635. 

Lemur, 691 

Lepidodendrae, view of fossil, 705 , 

Leschenault, M., 663, 564. 

Leslie, Sir John, observations of, 463. 
468. 473. 478. 607. 609. 514, 516. 

TiCssan, M.,991. 

“ Letters from the B-iltic,” cited, 506. 

Leucous or albinous varieties of human- 
kind. 699. 

Level of the sea, height of lakes above 
the. 317. 

Lewis, curved strata in the isle of, 627. 

Lias, oolitic group of, 718 ; of Wbithy 
and Lyme Regis, 720. 724. 

Lii>ra, or constellation of the Balance, 

151. 

Library, Alexandrian, the, 8. 1 1 ; de- 
struction of, 17. 

Librutiuns of the moon, 80. 

Lichens, 5.51. 563. 

Light, action of, 50 ; zodiacal, 62 ; stel- 
lar, tremulous omission or twinkling 
of accounted for, 14.5, 146; its relative 
intensity, 146 ; Us transmission tiirongh 
space, 35. 

Lightning, 516 ; electrical origin of, 
517. 

Lignite, 738, 739. 

Lima, city of, its inhabitants character- 
ized, 410; where corn grains first 
taken to, .567. 

Idme, carbonate of, 623. G24 ; depth of 
strata, where found, GJM. 

Limestone, moimtuins of, 614 ; in Arca- 
dia ; 610 ; mountain limestone used in 
building the new huuseg of parliament, 
620; intermingling of, with granite, 

631 ; human skeleton found in, 636 ; 
strata, 654. 

Idneolnshlre, neat mosses of, 770. 

Lindley, Dr., 648 ; ids experiments, 706. 

Link. M., 714. 

Linnccus, observations of, .551, .5.52, 5-57. 
.564, .565, 566. 590, 591. 593. 595. 598. 
773. I 

Lion, the, 589, 590. 

Lisl)on, oarlliquake of, 431 ; its remote 
influence, 431. | 

Idtnitis coruuarietUB, illustration of the, 
671. 

Liverpool, prevailing winds at, 450. i 

Lizard class, animals of the, 579 ; leth- 
argy tl^ey are occasionally sul>ject to, 

.580 ; general tril>es of, 592. 

Llama, the, .589, .594. 

Llamneter, fossil remains at, 666. 

I.lanueilo rucks, G69. cf u/. 

Llanos of South America, account of 
the, 230, 231 . 576. 580, 587. 

Locti Dee granite, 649. 

— - Earn, 659. 

Katterln, 659. 

Leven, view of, 824. 

— Lomond, 820. 542. 

— Sunart, 658. 

Tar, 659. 

Locke, Professor, 672. 

l.oeoraotlve imwers of birds, .582, 883. 

Ixicust, particulars of, and its ravages, 

67.3, 574; serve as food in the East, 
597. 

Logan-stone, the celebrated, 648. 

Loire, desemt of the river, 281 . 

Lombard> , plains of, 553. 

Lomonosov, a Russian poet, his verses 
on the northern lights, 524. 

London, annual rain-falls at, 470. 473; 
anemometer of, 469 ; climate of, 492 ; 
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irlntenand •ttimnertof,498} built on 
tertiary rtrata, 739. 

Ixindon DMln, illmtrated strata of, 741. 
Longevity of mankind, 607, 606. 
Lonsdale, Mr., 670. 
liopbiadon. 745. 

Lowers, lake of, 409, 410. 

Lowland, or ground level of Europe, 
deQned, 223. 

Lubec Bay, account of, 773. 

Lucretius, citations from, 178. 271. 276. 

296. 457 . 671. 616. 

Lucrine lake, 4(0. 406. 

Lucullui introduced tbe cberr}'-tree, 


Ludlow rocks, 669, et al. j site of town 
of, 678. 

Lunar observations of Flamstead, .37; 
influences examined, 86, 87 ; alleged 
malign, 482. 

Lunardi, the aeronaut, 437. 

Lyell, Charles, his theory of thermal 
springs, with an illustraiivc diagram, 
273 ; his account of the flow of rivers, 
283 ; of the force of river currents, 283 ; 
his summary of losses at sea, 373, 374 ; 
observations at Sheringham, 39.6; at 
Dunwich, .39.6, 396; on the Ilhone, 398; 
on the temple of Sorapls, 406 ; on 
earthquakes in t’hili, 40(J ; on the ab- 
sence of heath plants in America, .6.68 ; 
on the disseminiition of plant-seeds, 
666, 667 ; on fish of inland seas, <678 ; 
on stray l)irds, .68.3 ; his principles of 
geology, 61.6, 616; his geological re- 
searches, 643. 6.67. 661. 684. (iN7. 731. 
740. 742, 743. 7.60, 761. 773. 776. 786. 

Lyon, Captain, .628. 

Lyons, flulf of, 4.60. 

Lyra, constellation of, 1G3. 


Macculloch, Dr., his geological ohserva- ' 
tions, 419. 628. 6,33 . 635. 643. (iM, 6.6.6. 
6.69.661.702 . 777 . 783. 

Madras, surf at, 350; description of a 
monsoon at, 442—444. 

Mffiaiidcr, river of, 282. 398. 

Maelsfrom of Norway, 367. 

Maastricht, mososaurus lound near, 73.6, 
736, 

Magellan’s voyage, Incident of, .620. 

Magnesian limestone, composition and 
liH’Mlities of, 71 1 . 

Magnesite or meerschaum, 739. 

Magnetic needle, dip of the, 522 ; varia- 
tion of the, 523. 

Magnetism is intimately connected with 
electricity, .622. 

Magnitude of the stars, 164, 16.6. 

Magnolias, region of the, .661 . 

Mairan, M., his oliservations on the au- 
rora borealis, .628, .629. 

Malay islands, .691, 5ii2 ; race, the, 603, 
G04. 


Miilcolmson, Dr., 470. 472. 

Maloais, a volcanic district in Mexico, 
240. 

Malte-Brun. M., 679. .696. 610. 

Malvern Hills, the, 628. 645.680; fatal 
Sturm in the, 520. 

Mam Tor Hill, 407, 408. 

Mammalia, marine, 678 ; came after 
n'ptfles, 6.37 ; class of, 591 ; list of fos- 
sil, 638, 6:i9. 

Mammifers, flying, 591. 

Mammoth, the, 7.63, 7.64. 

Mati, reflections on his humble and yet 
exalted nature, 166 ; his passivoness 
r(>buked, 178 ; his position in nature, 
.695 ; animal inferiority and helpless- 
ness, 595, .696 ; numencal distribution 
of, 596 ; his food, 597, 598 ; varieties of, 
899—607; longevity, (M)7, 608; eom- 
parison of tribes of, 608, 609 ; migra- 
tions of, 609, 610; fossil remains of, 
7.69. 

Manatus Americanus, the, 578. 

Mandia lake, description and view of, 


Mankind, heedless nature of, 410. 417 ; 
unreasonable selfishness of, 434 ; adap- 
tability of, to climate, .696; classed 
by nature of food, 597 ; by com- 
plexion, &c., .699 ; recent creation of, 
783—786. 

Mantell, Dr., his geology of Sussex, 388 ; 
his list of strata and their animal re- 


main i, 636; his observations on the 
perfect preservation of fossil animals, 
639, 640; his geologleal observations, 
677.729,730,731.736,736. 

Marble, statuary. Its composition, 660, 
661. 677. 

Marcet, Dr., his analysis of sea-water, 
829. 

Mareotls, lake of, 397. 

Murine plants, 648. 558 ; alluvium, 778. 
Mariners’ lighu, 520. 

Mariotte, M. his experiments, 263. 
Maritime or saline plants, 340. 

Mark, tower of St., in Venice, view and 
particulars of, 521. 

Marley Hill, 679. 

Marmorice Bay, storm at, 479. 

Mars, the planet, 64 ; his distance from 
the sun, (14. 90 ; Once an object of fear, 

89 ; varying distance of, from the 
earth, 90; revnluthm of, round tlie 
sun, 90; diameter, form, and volume 
of, 90; physical constitution of, 90; 
superficial appearances of, 91 ; analo- 
gies of, with our earth, 91 ; inclination 
of, to the earth, 104 ; relative density 
of. IOC 

Marsh or swamp plants, 548, .6.68. 

Marshes and bogs, carburetted hydrogen 
exhaled from, 545. 

Marsupiul animals, family of, 589. 

Martiuh epigram of, tm Vesuvius, 423. 
Martlgny.on the Upper WhOne, 413—415. 
Martincau. Miss, l»er visit to Niagara 
Falls, 290. 

Mason Good, Dr., reflections of, 169. 
Massachusetts, surface «if the State of. 
has otH‘ quarter unstratifled, (»35 ; view 
of erratic blocks in, 7.61. 

Mastodon, Uie fossil, 747. 754, 7.65. 
Matapun, Cape, with Leuctra, view of, 
lUH. 

Matlier. Dr., 7.65. 

Matlock, 692. G94. 

waters. 269. 

Matter ejected from Vesuvius, Etna, tl;e 
Skepton Yokul, and Hecla, estimated 
amount of the, 426, 426. 

Matter in the eartli’s centre, probably in 
a state of fusion, 643. • | 

Maiuidreli, 482. 

Mauritius, the, 4-62, 453. 592. 

Maviiidi discovers nebula*, 180. 

Mayer’s lunar tables, 44. 

Meadow or pasture plants, .649. 
Mechanical structure of rocks, 624. 
Me<literranean Sea. 326 ; its eidour, .331 ; 
its extent, deptiis, and peculiarities, 
346 — :(48; is almost without tides, .3.67. 
404 ; Itot winds in the, 449 ; watersptuits 
in the, 4.6K ; flora of the isles of, 560 ; 
llsli of the, .677. 

Meerschaum, <»r magiieslte, 739. 
Mcgalonyx, the, 7.68. 

Megalosauri, 72.6. 

Megatherium, the, 614. 7.67,7.68 ; skeleton 
of tlie, (09. 

Melanie, or dark-haired races of man- 
kind, .690, 

M<*lvllle Island, register of cold expe- 
rienced at, .606 ; rnrhonifermiK forma- 
tion in, .61.6 ; plants of, .647. 785. 
Memnon, head of, 64.6 
Mendip hills, the, (»92. 697 ; section of 
the, 698. 

Mercury, the planet, M ; his distance 
from the sun, 64, 65 ; is the smallest vet 
swiftest planet in our solar system, (54 ; 
its extreme density, 64 ; length of its 
days and nights, 64 ; inclination of, to 
tlie earth, 104 ; density of, 106. 

Mer de Glace at Montanvert, 341 ; view 
of the, C47. 

Meredith, Mrs., her account of a sclrocco 
at Sydney, 449, 4.60 ; of columns of dust 
in the air, 4.67. 

Merrimac river, 776. 

Mesemhryanthema, botanical region of 
the, .662. 

Messier, M., the “ comet-ferret,” 1 19 ; bis 
list of nebuls, 180. 

Messina, earthquake of, 433, 434 ; mirage 
between and Heggio, 53g. 

Metals, the various simple, €23, €24 ; lo- 
calities and extent of the veins of, 6.33, 

634 ; IcKalities of, in various rocks, 634, 

635 ; but origin of obscure, although 


probably Igneous, 636; found in the 
carboniferous system, 690. 

Metallic bases, 623. 

M^amorphlc, or primary system, €41. 

Meteor, a remarkable, in 1718, 181. 

Meteora. view of the granitic rocks of, 
G2J. 

Meteoric showers. Sec Stars, falling. 

Mexico, Gulf of, 362. 591. .V.I3; varying 
climates of, 489. 492 ; atmospheric plu>- 
nomenn seen by Humboldt in, .630 ; 
when wheat first sown in, 567 ; abui d- 
ant crops of, in, 570 ; gold found in, 


MeyendorflT, Baron, 324. 

Mica, .692 ; its nature, and where found, 
(>23 ; used in Kussia for glasing, 626, 
644.659. 

Micn-scliists, 64 1, 642 ; formations, 059— 
662 ; illustrated, Bi'iH. 

Michael’s Mount, .St., ,388. 

Michael’s, Island of St., boiling fountains 
in, 271 ; its orange trees, .67(1. 

Micluielis, cited by Salverte, 529 
Micrometer, its discovery, loss, and re- 
discovery, 32. 

Microiicopic fossil animals, perfect pre- 
servation of, 689. 

Middle ages, In Kurope, a time of astro- 
logical delusion, 4. 

Middleton Moor quarrie.s, 677. 

Migrations of flsli, .677 ; of tortoises, 579 : 
of SHiirians, .679 ; of birds, 583, 584 ; of 
man, .694. .696, 597. 

Miluii, Diioiiio of, 661. 

Milk 1‘nnd, New Jersey, 776. 

Milky Way, the. resolved by the elder 
Herschi’l Into an infinite niunlier of 
stars, 46 ; of which .6(>.(M«) oi'cupied hut 
two degrees, 159; called by the (Jreeks 
Galaxy, by the Itomaus, Via liactes, 
159 ; its position and aspects, IMi; was 
thought by some ancients to be a dis- 
used path of the siin, 160; Its true 
composition conjectured liy modern 
astronomers, hut iirsl made mauilest 
by IlerKchel, 1(H); theory of tiie, 1(H); 
diagram of, 161 ; Its superior brlUiauey 
ill the southern heavens, I5ii. I6I ; 
apparently the outward boundary of 
the solar system, 179. 

Miller, Mr., his geological observations, 
681.683,684. 

Millstone grit, 691 ; projection of, illiit- 
traled, 695. 

Milton, the I’tolcmaic theory supposed 
to be impugned by, i9 ; his lines nii 
Galileo’s discoveries, .30; on the Milky 
Way, 159 ; on the heavi-iis generaUy, 
192 ; cited, 267. ’278 . 291. .630. 5’32. 
7H.6. 

MlnioBas, their beauty. .655 ; localities of, 
56.3. 


Miiiasi, Signor, .640. 

MiniTal springs, various, 276. 

Minerals, tbe various simple, 623, 624. 

Mines, high temperature in ditt'erent 
deep. ,601,. 602 ; of Cornw'alJ, 6.33; of 
France, (J34 ; of silver, 634 ; of gold, 
634 ; of copper, (04 ; of Peru, (04 ; 
usually formed in gneiss, 6.68. 

Mining operations, Importance of geolo- 
gical science In, 620, 

Mlm'ene strata, 6ll ; period, the, 639. 
747—749. 

Mlquo, village of, near Polctlors, appari- 
tion of a cross swfii at. 541. 

Mirage, the, 227. 6:1.6 ; view of a, 530. 

Misenum, port, 423. 

Mississippi, sources of the river, 282 ; 
varying colour of Its waters, 2(i3 ; Us 
periodical risings, 294 ; Its width, 302 ; 
course of the, 305, 306 ; Its tributaries, 
306 ; floating island rafts in, 319, 320 ; 
soil in Us waters, 372 ; winds in valley 
of the, 4.60. 

Missouri, springs of the, 279, 280; prai- 
ries of tlie, .689. . 

Mistral, the wind, otherwise Autun, or 
Blse, 4.60. 

Mocesamus conccntricus, shell of the, 


Mole, idle legend regarding the river, 
291. 

.Mnlliisca, class of, .672; fossil, 637. 66ft, 
666 . 
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MoUutca, living and extinct^ 740. 

Mollusct, compotition of the ahelli of. 
624; fossil, GOT. 

Molucca Isles, dispersion of the nutmeg 
seeds through tne, 667. 

Monge, M., his account of a mirage in 
Egypt, 686. 

Mongolian race of men, €02, 603. 

Monkeys, 890. 696. 

Monocotyledonous plants, 663. 

Monotrama animals peculiar to Austra* 
lia, 601. 

Monsoons, 442; illustration of their 
commencement, 443; causes of not 
well undcrsto^Kl, 444. 

Mont niann, granite of, 644, 645. 

Montunari, 131. 

Monte Niiovo, near Naples, 403. 

. Rossi, Its origin, 426. 

— Monte Rotondo lake, 312. 

Monteith, Colonel, 324. 

Montmartre, spring at, 266 ; granite of, 
644 , 645 ; quarries of, 743—745. 

Montoirc, bog of, 769. 

Monument Mountain, U. S. view of, 
752 

Monvolsln, Mont, 414. 

Moon, the, causes of her acceleration, 3 ; 
peculiar eclipse of, 3 ; savages worship 
the, 3 ; lunar phenomena, 76 ; has serv. 
ed as a measurer of time, 76 ; diagram 
of her phases, 77 ; is evidently not self, 
luminous, 77 ; its ashy light, or earth- 
shine, 7H ; her (listance from the earth, 
diameter, motions, atid tour round the 
earth, 78 ; luni-solnr period of Meton, 
79 ; how her eclipses are caused, 79 ; 
remarkable eclipse of, as seen in 
Africa, 79, 80; turns always the same 
fiice to the earth, 80 ; librations of the, 
80; c.irth is Invisible to a moiety of 
the inhabitants of the, 80 j equality of 
day and night, on the, HI ; uncertainty 
as to there Uiing any atmosphere 
around the, 81 ; superQcial appearances 
of the, 81, 82, 83 ; ptienomeiiu attend* 
ing the uccultutiun of, HI ; maps of the, 
83; supposed mountains and seas in 
tlic, 83, 84 ; imagined volcanoes in the, 
84 ; delusions ns to the appearances of 
the, 85, 86; occultations of the, 86; 
tides are caused by the, 86 ; imputed 
lunar influences examined, 86, 87; 
light of tlie, its peculiarities, utility, 
Hint amount of, 87, 88 : the earth reci- 
procates refloctwl light with the, 88 ; 
itie great causer of tides, 352, 353 ; 
n|leg(!d malign influence of the, 482. 

Moon-beams, supposed malign effect of, 
87. 


MiMite, Thomas, his Canadian Boat-song, 
284 ; Ills account of the Bahamas, 333 ; 
lines on the acacia, 063. 

Morasses, 768. 

Moral, lake of, 331 ; view of the, 417. 

Morayshire floixis, 416—420. 592, 593. 

Moselle, course of tiic river, 282 ; colour 
of its waters, 28b. 

Moskwa, prince of the, his ascent of the 
Pyrenees, IGI. 

Mososaurus, the, 7.36. 

Moss plants, 651, 662 ; botanical regions 
of, 600. 

Mountain slips. Sre Land slips. 

Mountains, definition of the term, 200 ; 
length of the principal chains of, 202 ; 
heights of the chief. In Europe, Asia, 
Africa, America, and the Antarctic 
continent, 206; land changes among, 
42l>— 423; rich flora of, 667; table of 
the vegetation on, 667 ; some wholly 
composed of animal remains, 635; 
unstratifled, 408 ; stratified, 409 ; plants 
of, 650. Mountain limestone in the coal 
formation, 691, 692. 

Moutiers, springs of, 970. 

Mowna mountain, in the Sandwich 
islands, 206. 

Mudstone, 669. 

Mulgrave, Lord, 326. 

Multiple or compound stars. Stars. 

Muncaster Fell, Cumlierland, 644. 

Murad IV., sulun, 312. 

Murchison, Sir R. J., observattons of, 
627, 628 ; his geological researches. 
666. 670. 67H. 680, 681. 684. G87 . 689. 
694 . 731. 


Muschelkalk of Germany, 708 ; of Eng- 
land, 713. 

Myuns,‘Abymes de, 412. 

M^'^ne, View of cyclopean remains at, 

Mysore, sheep of the, 600. 

Napier, his invention of logarithms, 38. 
Naphtha springs at Baku, 276. 

Naples, bay of, 408. 

Naseby, battle.fleld of, 270. 

Nativities, calculation of, 4. 

Nature always is changing, though man 
is slow to perceive It, OTO. 

Nautical Almanack, its uses, 144. 
Nebulae, tlie, examined by Sir William 
Herschel, 46 ; impearances and proba- 
ble nature of, 47 ; chapter on the, 178 
—192; their immense distance from 
U8, 178; catalogue of, hy Sir J. Hcr- 
schel, 179, 180; their aspects 179— 
182; nebulae in Perseus and Canes 
Venatici, 179; in Pegasus and Hercu- 
les, IHO; In Doradus, Pollux, and Sobi- 
eski’s Shield, 181 ; dumb-bell nebula, 
halo nebula, 183 ; elongated nebula, 
)H4 ; nebula in the constellation of 
Orion, 185; horse-shoe nebula, planet- 
ary nebula, 186; stellar tiebuls, 187. 
Inquiry, “What are the nebula*?” 
IHH; Hcrscliel’s estimation of the dis- 
tanccs In space, 184. 

Needle rocks, the, Isle of Wight, 393 ; 
views of. 394. 656. 

Negroes, complexions of, .599 ; hi^ads of, 
6(«, skulls of, 604, 605; longevity of, 
607, 008 ; natural equality of the race 
of, 609. 

Neonomium, 732. 

Neptunt*. planet, 102. 

Neptunists, the disciples of Werner, 618. 
Nereidinn, the, 666. 

Nettle, the English, now rife in North 
America, 569. 

Neva, the river, 293, 294. 

New, variable, and compound stars, IGG 
—178. 

New red sandstone system, the, 707— 716. 
Newcastle coal fields, 096, 697. 

New Holland, the plants of, 558. 5C3, 
664 ; animals of, 391,’592. 694. 

New Zealand, flora of, 562. 
Newfoundland, 384. 

Newton, Sir Isiuic, 10. 34 ; was much in- 
dobted to Flamstcad's l.-ibours, 37 ; his 
birth-place, 38 ; was the architect of 
physical astronomy, though.his reputa- 
tion WHS not much extended till long 
after his death, 38 ; popular tradition 
concerning the manifestation of gravi- 
tation, 38 ; rationale of that great law, 
39; Newton left a more thorough in- 
vestigation of the subject to his succes- 
sors, 40; his house at Woolsthorpe, 
description of, 40 ; was associated with 
Halley in his labours, 41 ; was the 
founder of physical astronomy, 189 ; his 
tidal theory, wl, 3.52. 

Niagara, falls of, 287—290 ; river of, 
324. 

Nichol, Dr., his illustration of double 
motions, 13; his reasoning on the 
multiple stars, 174. 

Niebuhr, 266. 

Nile, source of the river, 278, 279. 283 ; 
its inundations, 294 — 296. 307, 308; 
breadth, 302 ; ancient and present con- 
dition of, 397. 400. 421, 422 ; alluvium 
of the, 777 ; crocodiles of tlie, 679. 
Nilgherry district in Hindostan, the, 222. 
Nimbus, or rain-cloud, 468. 

Nitrogen, with oxygen, forms air, 622. 
Noah, ark of, 593, .594. 

Non-fossiliferous rocks, division of, 635, 
et al. 

NortI) Cape, sun at midnight at the, 49. 

Cape, the, 680. 773. 

.Sea, the, 326. 

Northern lights. See Aurora Borealis. 
Northampton, Marquis of, 721. 
Northwicn, brine springs at, 712. 

Norway, fiords of, 332 ; 660; shores of, 
773. 

Norwegian lakes, transparency of the 
waters in the, 322 ; fiords, 832 ; pines, 
662. 


Norwich, altered position of the city of, 
396, 397. 

Nottingham Castle, views of, 707. 710. 

Nova Zambia, 688. 596. 

Numa, said to have brought fire from 
heaven, 521. 

Numlwr, distance, and magnitude of the 
stars, 156—168. 

Nyoe, or New Island, near Iceland, Its 
volcanic appearance and disappearance, 
876. 

Oak-trees, boundary of the growth of, 
662, 563. 

Oases of Egypt, 226. 

Obsidian, or volcanic glass, 653. 780. 

Observatory, National, of England. See 
Greenwich Observatory, Tycho Bra- 
he’s at Uraniberg, 25, 26 ; at Green- 
wich, {See Greenwich Observatory) ; 
one at Paramatta, maintained by go- 
vernment, 166; of Paris, rain-gauge 
kept at the, 469 ; temperature in the 
substructions of the latter, 477. 

Occultations of the stars and planets, 14; 
of Mars and Saturn, 14 ; of Jupiter and 
Saturn, 81 ; explanation of the term, 
86 ; occultations of fixed stars, 164. 

Ochlll hills, 683. 

Odin’s Mine Tor, Derbyshire, descrip- 
tion and view of entrance to, 258. 

Odours of human races, 605, 606. 

Ocean, tl>e, is continuous, hut divides 
into three grand divisions, 197 (See Ba- 
sins) ; Arctic, Atlantic, Pacltic, South, 
ern Oceans, tlieir several limits, 197 ; 
influences, by its temperature, the cli- 
mates of the earth, 486 ; general chap- 
ter on the, 325-^48 ; Us extent and 
influences, 325; our knowledge of its 
boundaries, 325, 326; its unequal depths, 
321 ; composition, 327—330; specific 
gravity, 329; bitterness, 329; colour, 
%0, 331; transparency, 331—333; phos- 
phorescence, 833, 334; culms and storms, 
334, 335 ; temperature, 336—337 ; ice, 
3,37 — :i43 ; its geographical outlines, 
345, 346 ; the Mediterranean portion, 
346—348 ; its weeds, 348 ; effects of 
typhoons in the Indian, 503 ; muriate 
of lime in tlic waters of the, 624. 

Oceanic Ijlghway*. Sec Tides. 

Oceania, nr Australasia, animals of, 591, 
592 ; population of, 596. 

Ohio, river, its scenery, 306 ; prevailing 
winds in the valley of the, 450. 

Oil, effect of, in stilling waves, 361, 352. 

Olafsen, 692. 

Gibers, Frolesaor, 47. 137. 

Olive-tree, the, 668. 

Olivine, 652. 

Oimstead, Professor, 141, 142. 

Oolite system, 641, 642. 

Oolites, 620. 

Oolitic period, the, 638. 

system, chapter on the, 717—731; 

development of, in England, 718; 
shells of the, 719—721 ; saurians in, 
721—724. 7’29, 730; lithic and other ma- 
terials of, 725—727 ; distribution of, in 
England, 727 — 729; speculations on 
the, 730, 731. 

Opossum, the, 589. 

Optical phenomena, chapter on, 616— 
645; lightning, 516,517; electricity in 
southern latitudes, 518 ; different kinds 
of lightning, 519 ; meteoric lights, 620 ; 
lightning strokes, 620—622 ; magnet- 
ism and electricity congeneric, 622 ; 
aurora borealis and aurora australis, 
6*J3— 629 ; halos, 630 ; parhelia, 630— 
632 ; paraselente, 632 ; rainimws, solar 
and lunar, 632—63.5 ; spectral illusions, 
635 ; the mirage, 686 ; illusions by re- 
fraction, 637, 538 ; the Fata Morgana, 
.538—640; illusions by reflection, 641, 
642 ; by reflection and refraction com- 
bined, 542, 648 ; ignis fatuus, 543—646. 

Oran-outung, the, 696. 

Orange-trees, prolific, 670. 

Orbits of the planets, 64 ; orbit of the 
earth, 163. 

Order of successive strata fixed and uni- 
versal, 642. 

Organic alluvium, 766. 

Origin of springs. Inquiry into the, 262, 
263 ; of lakes, 308, 809 ; of planU, 563, 
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et seq. ; of anlmali, 571. et teq.i of 
man, R95, et $eq. 

Orinoco river, 230. 280. 292. 297, 298. 439 ; 
climate of plains of the, 492 ; wooded 
banks of the, ‘555 ; confluents of the, 
576 ; manatus americanus of the, 678 ; 
floods of the, 584 ; wild horses on the 
plains of the, 587} raft Islands at mouth 
of the, 693 ; Otomacs of, 697. 

Orion, constellation of, is visible all over 
the habitable globe, 164 *, its position in 
the heavens, 154 ; was known to and 
dreaded by the ancients, 154 ; number 
of stars in the trapeeium of, 168 ; dia- 
gram of nebulosities in, 135. 

Ornithlchnltes, or stony bird tracks, il- 
lustrated, 715. 

Orticr Spitz Mountain, ascent of the, 
203 ; view of, ,547. 

Ostoolepis, the, C89. 

Otaheite, coral reef near, 385. 

Otomacs, an earth-eating tribe of South 
America, .597, 598. 

I Ovid’s Metamorphoses show much obser- 
vation of nature and superior philoso- 
phy, 615, 616 ; his Epistles from Pontus, 

Owen, Captain, his surveying voyage, 
472. 

Ox, the, .587. .508. 600, 601. 0r6, 606. 

Oxford stone, the, 620. 

Oxidation, hypothesis of subterranean, 
i 433. 

I Oxus, the river, 423. 

Oxygen, with nitrogen, composes the 
j principal part of the atmosphere, 622 ; 
I with hydrogen composes water, 622 ', 

combines largely with earth and me- 
tals, 622. 

Owen, Professor, 713. 722. 726. 730. 767. 

Oxford clay, 726, 727 ; stone, 726. 

Oxide of iron, found in basalt, 652. 


Pachvdermnta, trilres of tl>o, 592. 

Pacific Ocean, 3.53. 3.56. 361 ; gale in the, 
illustration of a, :)35; winds in the, 
439, 440 1 isles of the. .502, 593. 

Paderborn, spring at, 268. 

Palseothcrlum, the, 744, 74.5. 

Faley, Arcltdeai^on, his question regard- 
ing the laws of nature, 182. 

Pailiseu, the Saxon astronomical farmer, 
170. 

Fallas, the planet or asteroid, 91 . 

, Professor, 137. 606. 753. 75.5. 

Piilma, volcanic isle of, illustrated, 778, 
779. 

Palmie, or palmtribe, the, ,55G,.557 ; view 
of a forest of, 656 ; descrijition of a 
palm-grove, 857 ; luxuriance and fer- 
tility of different siHfcies, 557. 

Palmer’s Cairns, view of, 680. 

Palmyra, or Tadmor in the desert, 228. 

PaiuJina, 746. 

Pampas of South America, account ot 
the, 233 ; pamperos, or hurricanes in 
the, 451 ; of Buenos Ayres, 450 ; bones 
in the, 472. 

Panama, isthmus of, 441 . 

Paraguay, animals of, 600. 

— — , river, descent of the, '281 . 

Parallax, I. 0, 10; what it is defined, 
with a diagram, 162; annual of the 
fixed stars long a desideratuin, 163 ; 
now ascertained by Professor Bessel, 
163. 

Parallelism of strata, 630. 

Paramatta, nebula sketched at by Mr. 
Dunlop, 180. 

Paraseletia, or mock-moons, .532. 

Parasitic, and pseudo-parasitic plants, 
8.50. 

Parhelia, or mock suns, 539—532 ; views 
of, 531. 

Paris, climate of, 492 ; temperature in 
the substructions of its Observatory, 
497. 501 ; built on tertiary straU, 739 ; 
basin, 743 ; animals of the, llhutrated, 
745. 

, Matthew, citation from his history, 

.531. 532. 

Parish, Sir Woodbine, 472. 767. 

Parkinson, ob^^ervation on fossils of Mr., 


640. 

Parliament, stone of the new houses of, 
620. 

Parnassus, Mount, 260 ; view of, 737. 


Parrot, Dr., the Russian traveller, 488. 

Parry, researches of Captain, 341.344. 
361. 450. 506. 525. 528, 5'i9. 531, 532. 534. 
547. 588, 589. 

Patagonians, stature of the, 605. 

PauPs, St., stone of the cathedral of, 724. 

Peach, introduction of the, 568. 

Peat, formation of, 768, 769. 

Pendulum, the, of clocks, an important 
acquisition to practical astronomy, 32. 

Pennant, Mr., 5!«. 606. 661. (J64, 666. 

Pennsylvania, State of, rich in coal, 620. 

Pennsylvaniiut and other American c<iul 
districts, 702 ; manner of working, 699, 
700. 

Fentacrinites, 677 ; C.ipiit Mcdusie, 678. 

Perea scandciis, the clitnidng-tish, 578. 

Perfection, gradual, of tlic same animal 
and vegetable species, an illusive the- 
ory, 637. 

Peripatetics held the earth to be the 
centre of the universe, 7. Set- Aristotle. 

Periods of appearance, the successive, of 
past and present uiiiinul uiid vegetable 
races, 638, (»9. 

Peroul, ebullient spring at, 274. 

Perturbations of tlie nlunets, 40. 

Peru, mountain districts of, 645. 

Petcheres, miserable race of the, .597. 

Peter Botte Mountain, in the Mauritius, 
view and description of, ‘202. 

Petersbtirg, city of St., its perilous site, 
293 } falls of rain nt. 470 ; snow of, 474. 

Petrifactions, how formed, 277. 399. 

Petroleum springs, *275. 

Pevorll of tlie Peak’s castle and cavern, 
view of, *243. 

Peyrttnnel, M. de, Ids researches on 
corals, 380. 

Plnmolotherinm, the, 726. 

Phaniogamle plunls. .550. 

Plmnicians, the rejnitcd inventors of nau- 
tical astronomy, 144. 

Philiiipinc Islands, 610. 

Pliilllps, Professor, his table of British 
f(»ssiliferou8 rocks, 637 ; notices by, 658. 
663. 666. 681. 719. 735. 772. 777. 

Phllohuis, 7, 8. 

Phlegraiun Helds, the, 401, 402, 

Phocflc, the, or seal tribe, 578. 

PlKRuicians, the, 348. 

Phormium tenax, or New Zealand flux, 
562. 

Phosphorescence of th® sea, its cause, 575. 

Physical nature, general »nuh»gi 08 of, 
103 ; diversities of, 104, 105. 

Piazzi’s catalogue of the stars. Sir J. 
Ilerschel’s observations on, 143, 144. 

Pichiticha, Mount, fi4.5. 

Pickering, Vale of, 727. 

Pigeons, enormous flock of passenger, 
584. 

Pike, longevity of the, 87.5. 

Pillars of Hercules, ;M1. See Gibraltar. 

Pindar mentions the eruptions of Etna, 
212, 213. 

Pine tribe, the, .5.52. 

Pinna marina, the, .572. 

Pisces, or constellation of the Fishes, 152. 

Pltchstonc, a bituminous biualt, 653; 
porphyry, 6.54. 

Pits of cuul, British and foreign, 696, 
et seq. 

Plains, great, list of, 221 ; of the Cau- 
casus, 2*24, 225; «f northern Europe 
and Asia, 224 ; of Peru, 2*28; of S<iulh 
America, including the llanos, selvas, 
a>id [lainpas, '230—2.3:1 ; of North Ame- 
rica, 233 —2:1.5 ; of Thebes, view of, 4*22; 
of the Himalayas, 487 ; of Africa. .590. 

Planets, what they are, 63 ; are primary 
and secondary, 63 ; their courses, 93 ; 
are superior and inferior, 63 ; have 
symliuU, 64 ; their paths are elliptical, 
64 ; their dUtances from the sun, 64 ; 
orbits of the difl’erext, 64 ; those tech- 
nically called “superior” (properly 
exterior), the phenomena they present, 
89 ; contents and area of the Earth, 
Jupiter, Saturn, and Uranus, 102 ; ex- 
tent of combined surface of, 102, 103; 
orbits of, 103; analogies between the 
planets, 104 ; relative distances from 
tlie sun, and size of, 108 ; length of day 
and year of each, 105 ; form and mag- 
nitudes of, 105; density of the various, 
106; general observations on the, 107. 
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Plants, chapter on the geograpliical dis- 
tribution of, 546- 571 ; their wide dis- 
persion, 54b ; tlicir aggregate numbers 
and general division, 54H-.5.50; their 
relative numbers and respective locali- 
V®,*' ; in northern latitudes, 

5.51, A)2i in tcmpiTHte regions, 5.52, 
5f>3 5 in torrid, 55;W5.5.5 ; in America. 
551^557 ; eieviitiob of places of growth, 
587 ; marine plants, 558 ; lend spt'cles. 
855—560 ; regions of the various, 5f4l- 
563 ; sources whence all varieties 
sprang, also tlielr means of dispersion 
and reproduction, 669, nr/ylncMi , fossil, 
I'st of successive, (k 18, 639 ; sometimes 
perfect in form, and sometimes bliu- 
niiiiised, 640. 

Plantain, or hanann, the, 557. 

Plastic ciny formation, 739. 741. 

Plata, La, or Pluto River, 230.518,819. 
588. 601. 

PlatcHMS, or table-land, 221— ‘223. 

I’lato, 6. 8. 

Phivfnlr, Professor, ri5(;. 

Pleiades, tlie, or starry group in the neck 
of tlie Bull, 5, 6 ; ancient fuhle con- 
cerning, 32 ; supposed derivation of the 
term, 144 ; coiistitiieuts of the group 
of, 1.59. 

Plesiosauri, 72:i, 724. 729. 731. 

1^'icH polonlcH. t ie disease of, 609. 

Plinlimmon, (M2. n(;‘2. 

Pliny, 11; his description of the Cau- 
casian denies, 216; of the Grotto del 
Cane, ‘.’.56 ; of the l.arian spring, 266 ; 
and of a river In Judea, ‘267 ; fount of 
Ammon, 271 ; strange oiiiissioii of, *27.3 ; 
his notices of Duiionu loiintaln, 275; 
liis relation regarding Claudius, 31.3 ; 
his letter to Gallus, 318, 319 ; observa- 
tion of oil stilling waves, .351 ; on tides, 
35*2; on the Amo Hoods, 416; of the 
eruption of Vesuvius, 42.3, 4*24 ; hie as- 
sertion reganliiig Tulliis Hostillus, 
521 ; and spectral illusions in .Scythia, 
5:).5 ; of the introduction of cherries, 
568. 

Pliocene, period, the, 639; strata, 641. 
749, 7.50. 

Plot, Dr., his History of Oxfordshire, 5.35. 

Plumbago, or graplilte, a carburet of iron, 
624. 

Plutonic, or {gin oiis rocks, chapter on 
the, 613; their iiatiiru and how chui- 
silied, 613, 644 ; granitic, 644-(i49 ; 
forifigii bodies found in gruinte, 649 — 
6.51; tranpenn rocks, (»f)l— 658; vol- 
canic rocks, (k5l— 6.56. 

Po, the river, 4(M). 

Foikilitic system, 708. 

Pole, the, magnetic, 623. 

Pullrschlefer, composition of, 740. 

Polistena, cifects of volcanic action at, 
4:12, 4:13 ; view of Hstiires at, 432 ; view 
of circular hollows at, 433. 

Polypi, tribes of, 572. 

PonitHiii, city, 42:1- 426. 781 . 

Pompey’s pillar, 644. 

Pompon ills Mela, 535. 

Pont-Koyal at Paris, quantity of water 
passing through the, 263. 

Pools, wherein they differ from lakes, 
.308. 

Population of the five regions of the 
globe, 506. 

Porphyry, 651 ; composition of the por- 


a ries, 6.54, 05.5. 
:1, city of, 4 JO. 


Portland, stone of the Isle of, 726, 727 , 
728. 

Port Royal In Juinnira, earthquake at, 
and its effii-’ts, JWC, :i87. 

Portsoy, Banffshire, (544. 649. 651. 

Potato, tlip, Importial from the New 
World to the Old, 567; this fact 
doubted by Humboldt, 567 ; liut cou- 
flrmed by later sulhorlties, .868. 

potoil, silver mine of, 634. 

Pottery-ware, felspar used in compound- 
ing. 6‘23. 

pnwis Castle rock illustrated, 627. 

Puzzuuli, view of. 404 ; earthquakes at, 
404. 

Prairies of North America, .389 

Presepe, constellation of, 159. 

President steamer, presumed cause of Its 
loss, 340. 
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Prichard. Dr., hit hn>othMii of the dU- 
tribuilon of plants, ft64, Mft. 669, 670. 
672. 692 ; of the varieties of mao, 699, 
rt tea. 

Priestley, Dr., 619. 

Piiinary formations, composition of, 640. 

limestone, 660, 661 . 

, or metamorphic system, 641 . 

Primitive man, place of the creation of, 
609,610. 

Prlndiiia, the, of Newton, 37 ; its estima- 
tion by Laplace, 36. 

Produce, abundant, of the cocoa-palm, 
the (lHte.|Mi1ni, the saKO-pahn, and the 
banana, or plantain, .W ; of the orange, 
potato, wheat, &c., 670. 

Progress is a law of universal nature, 
IW, UK). 

Proteus angulnens, the, 671 . 

Prout, Mr., his felicitous remark on rain- 
bows, 6,13 ; on tropical animals, 684. 

Pryme, Mr., 771,772. 

Pterichthys, the, illustrated, 688, 689. 

Pterodactyle, the, 7211, 724 . 729. 

Ptolemies, the, 10. 

Ptolemy, the getigrapher, 3, 4 11; was a 
learned man, and made the Great Col- 
lection, or Almagest, II ; diagram of 
the Ptolemean system, 12; theory of 
epicycles, 13 ; his later followers tried 
to amend his scheme, 14 ; was a prac- 
tical astronomer, 14 ; siieaks of vessels 
of oil being used to observe eclipses, 
16 ; mentions tlie rnrefactlon of the 
atmosphere in his treatise on optics, 
26. 

Puin Ice-stone, Its porousness, 624. 

Puy do D6me, 438 ; de Pariou, 428. 

I^yreiiees, valleys of the, 219 ; hot springs 
of the, 279 ; line of snow on the, 488 ; 
survey of the, 617 ; geology of the, 634, 
636. 649. 660. 

Pythagoras, 7 ; his disciples had Just no- 
tions of the solar scheme, 7, 8. 

PythuB, the, oriental, 679. 

Quadrumana, order of. 696. 

Quadrupeds, class of, 684 ; notices of 
several individuals, 684—688 ; topogra- 
phical distribution of, into— 1 . the Arc- 
tic region, 688, 689 ; 2. north temperate 
region, 689 ; 3. region of intcrtroplcnl 
and South America, 689, 690 ; 4. ditto 
of AO-lca, 690 ; 6. region of India, 690, 
691 ; C. region of Australia, 691, 692; 
animals which have strayed out of 
bounds, 699, 698 ; flying, 691 ; of the 
isles In the Paciilc, 693. 

Quarts, what it is, and where found, 623 ; 
a component of granite, 644. 

Quarry, view of Old Lincoln, 676. 

Quito, genial climate of the city of, 492 ; 
European corn when first taken to, 
667. 


Races, mixed human, of America, 604. 

Raffles, Sir Stamlord, his account of the 
volcano of Suntbuwa, 210. 

Rafts of wood originate floating Islands, 
698. 

Rain, is the probable source of springs, 
968, 864 t is all-impnrtaut in fertilising 
the earth, 462 ; amount of rain, 468 ; 
distribution of, 469 ; In the tropics, 470. 
471 ; regions unvisited by, 471 ; or 
overwhelmed with, 471. 472; annual 
falls of, in BrlUin, 473; in various 
countries, 473, 474. 

Rainbow, the solar, bow formed, 6.33 ; 
view and description of the lunar, 634, 


Ramsgate, singular phenomena seen at, 
637. 638. 

Rapids, how produced, 983 ; of St. Anne, 
on I he river St. Lawrence, 984. 294. 
RarUtonga liland, hurricane in, 465, 
466. 


Rats, 692. 

hattle-snak*. the. 679. 

Ravenspur, {x>rt of, 396, 

Kay, the naturalist, 867, 

Keeiprocatlng springs, 966—268. 

Red men, or copper -coloured raoea, 699, 

on. 

Red Sea, 317. 327 ; ita colour, 831 ; pre- 
valent winds in the, 4,60. 

Redfleld. Mr.. 466. 


Refraction in the Polar Sea, view of the 
efl'ects of, 543 ; of the atmosphere. 52. 

Regions of the globe, climates of the 
various, 604—609. 697, 698 ; had special 
races of snimals and plants' assigned to 
them, 698; botanical, of plants, 560— 
564. 

Reid, Colonel, 4,63-46.6. 

Reindeer, the, all-important to the Lap- 
landers, 651 ; native region of the. 688. 
694. 


Relugas, torrential ravages at, 418—420. 

Kemalns, organic, regular distribution 
of, 619 ; found in unstratUled lavers, 
635, ft ai.s prodigious inasses of animal, 
in the earth's crust, 63.6, 63G; of vege- 
table, 6.37. 638 : of Soutli America, 590 ; 
view of the earliest human, 7.69. 

Ronnell, M^or. 360. 370. 

Reptiles, varieties of, 679, .680 ; preceded 
mammalia, 637 ; list of successive fossil, 
6.38. 6.39. 

Reaiiia, city of, 410. 

Rhamni, region of the, 661. 

Rhine, descent of the river, 281 ; colour 
of its waters, 283 ; basin of tlic, 
7-60. 

Rhinoceros, the, 698. 

— — , the fossil, 766. 

Rhdne, glacier of the river, description 
and view, 218 ; bise in the valley of 
the, 466; alluvium of, 776; source of 
the, 278 ; under-ground course of the, 
291 ; passes through lake Leman, 320; 
colour of ita water, 331 ; its embou- 
chure, 398. 

Rice.plaiit, locaiity of tlie, 553. 

Richard, Abbe, 517. 

Richardson, Dr., .628. .6.69. 684. 

Rickman, Professor, his death, 622. 

RIghi, Mont, 409, 410; pass, view of the, 
409. 

Rio Negro river, its course and dark 
colour, 283 ; singularity of the, 280. 

Ripple-marks in strata, 626. 631 ; of the 
old world waters, 683. 716. 

Rivers, chapter on, 278—304 ; sources of 
various, 278 ; of the Nile, 279 ; courses 
of, 279, 280 ; islands in, 280, 281 ; cur- 
rents of, 281 , 282 ; nature and colour of 
waters of, 282, 281} ; falls and rapids of, 
2 h;|, 284 ; of the St. Lawrence, W4 ; of 
the Kaatcrskill, 284 ; of Tralhetta, 285 ; 
of Foyers, 286 ; of SchafTliausen, 286 ; 
of Terni, 2H6 ; of Staubbach, 286 ; of 
Tequendama. 286, 287 ; of Niagara, 
287 — 290 ; rivers change their levels, 
292, 293 ; many rise |icriodicallv, 29;i— 
2!i5 ; iis the Amazuii, 'I'igris, (>anges, 
Indus, Euphrates, and Nile, 294 ; an- 
nual overflow of the latter, 295, 296 ; 
notices of tropical floods in America, 
296, 297 ; of the Orinoco, 297, 298 ; bifur- 
cation of rivers, 298, 299; classiflcation 
of streams, 299 : the Angitas, 299, 300 ; 
the Jorclau, &c., 3U0, 301 ; mouths of 
rivers, 302, 303. 698 ; table of the great 
streams of the glolie, 303, 304 ; courses 
of the Amazon, 304,306 ; of the Missis- 
sippi, 306— 307 ; of the Nile, 307 ; de- 
ni idation of the land by rivers, 370 — 
873 ; rivers disseminate plant-seeds, 
666, 666 ; raft islands formed at the 
mouths of, .693 ; hold petrifying matter 
in solution, 640. 

Robinson, Dr., his researches in the 
l>:ast, 262. 267. 274. 300. 316, 316. 

Robur Carolinum, cunslellatiou of, 148. 

Uochfort, aspect and topography of, 
238. 


Kucher d’Hiricourt, M., his theory, 
317. 

Rock or wall plants, 649. 

Rockall, remarkable island of, 199. 

Rocks torn asunder by irozen water, 
408 ; unstratifled, 408 ; chapter on the 
structure and classification of, 622 ; 
true nature of rocks, 622 ; component 
}iaru of, 623, 624 ; structure of, 624, 
626 ; stratified and unstratifled, 626 ; 
basalts, 626 ; stratlfled one of aqueous 
origin, 627 ; varieties of, 627—630 ; pe- 
culiarities of structure, 630— 632 ; Glen 
Tilt straU, 682, 683 ; metallic veins, 
633 — 636 ; fostillferous and noii-fossil- 
ilerous rocks, 636 ; list of strata by Dr. 
Montell, 636 ; table of, by Professor 


Phillips, 637 ; arrangement by Leh- 
man, 637 ; manifestationr of past or- 
ganic life in rocks, 637—639 ; order of 
tbsall remains in strata, 638, 640 ; gra- 
nitic, 644—661 ; volcanic, 665, 656 ; 
Silurian, 669, 

Rock-salt, 711 ; mines of, 712, 718. 

Rocky Mountains, 562. 658. 689. 626. 

Rocmari inventor of the transit instru- 
ment, 34. 

Romans, the ancient, adverse to the cul- 
tivation of the physicul sciences, 16 : 
tlieir partiMlity for Raise 403 ; received 
the vine from the Greeks, 668. 

Rome, city of, its volcanic site, 427. 

Rosa, Mont, 650. 

Rosiano, volcanic chasm in the district 
of, 4.33. 

Rosenberg, or Mount Ruffl, fall of the, 
408—410. 

Rose-tree, the, unknown in Snutii 
America, 5.58. 

Ross, Captains, their discoveries and 
observations, 196. 331. 337. .139, 340, 
341. 523. 

Rosse, Earl of, his great telescope, 45. 
183. 

Royal Academy of .Science of Paris, Its 
foundation and first members, 34. 

Society of London, its foundation 

and early members. 34. 

Rubbish, plants found on, 549. 

Russegger and Berton, Messrs., 316. 

Saas, valley of, 6.50. 

Sabine, Captain, 360. 625. 568. 

Sabrina island, its appearance and disap- 
pearance, 375. 

Saddleback mountain, 663. 

Sagittarius, or constellation of the 
Archer, 151. 

Sahara, desert of, 226 ; traversed by ca- 
ravans, 226 ; subject to sand-storms 
226 ; and the mirage, 227 ; limits and 
description of, 228 : passage regarding, 
from " Eotben,” 228, 229 ; is rainless, 
471 ; dromedary of, 690. 

Salem in Massachusetts, rock ofsyenctic 
greenstone at, 633. 

Salisltury Crags greenstone rocks, G2G. 
G.52. 

Salt, Mr.. 296. 

Salt in saline springs, 777. 

Sultness of the ocean, 327 — 329. 

Salverte, M., 521, .522. 

Samiel wind, or Simoom, 447 — 449. 

Sand plants, their growth and uses, 
.549. 

Sandstone, period of the red, 638; its com- 

f iosition and where found, 710 ; imprints 
n, 716; systems, old and new, 641,642; 
chapter on the old red, 681 — 690 ; gene- 
ral composition of, 681— 684 ; vegetable 
remains in, 084 ; fossil fishes of, G84 — 
686; the cephalaspls, &c., 686 — 690; 
the new red, chapter on, 707 — 710; 
series of its beds, 708 ; illustration of 
fossil remains in, 709 ; localities, 709, 
710 ; magnesian limestone, gypsum, 
rock-salt, 711 ; saliferous strata, 712; 

■ organic fossils, 713—716. 

Santa Fe de Bogota, city of, its lofty site, 

222 . 

Santorin, Gulf of, 374. 

Saratoga, lake, description and view of, 
320, 321. 

.Satellites, those of Jupiter and Saturn 
conceived by some to have been known 
to the ancients, 16; Jupiter's disco- 
vered by Galileo, 29, 30 ; the number 
allotted to the various known planets, 
89. 

Saturn, the planet, his fourth satellite 
discovered by Huygens, 84 ; and four 
others by Cassini, M ; mean distance 
of this planet fcom the sun, 97 ; time 
occupied in his circuit round the sun, 
97 ; length of his day, 97 ; diameter of, 
97 ; form and rings of, 98 ; belts of, 99 ; 
days and seasons of, 99; satellites of. 
99 ; general system, his, 99 ; orbital 
schemes of, 100; his satellites, the 
various phases of, 101 ; area and solid 
contents of, 102 ; inclination of, to the 
earth. 104 ; density of, 106 ; 18900,000,000 
miles distant from the earth, 164. 
Sauroidichnltes, 714. 



Sauriani, the great foBiil tnbei of, C02 ; 
where found, 64a 

Savoy, Alps of, their geological charac- 
terliticB, 645. 

Saussure, M. de, hit obseryations on the 
Alps, 206.381. 517; on the Pyrenees, 
460,451 i on crlilnltm, 459 ; hu geolo- 
gical creed, 619 ; hit aicent of Mont 
Blanc, 645, 646. 

Sayagei worship tun and moon, 8. 
Sayannah la-mar destroyed by an earth- 
quake, 886. 

Saxifrages, botanical region of the, 560. 
Saxon Chronicle, the, 387. 

Saxony, school of, 649; tin of, 649; 
Weinbohla in, 650. 

Scales of fishes important in clattiflca. 

tion, 684 ; illustrated, 68.5. 

Scamander, the river, 269 *, its source, 
279. 

Scelidotherium, the, 758. 

Scheuchxer, Dr., 760. 

Schouw, Professor, 473. 560. 

Schroeter of Lilieuthal examines the 
telescopic start, 46; his exclamation 
on yiewing the Milky Way, 160. 
Schubert, Professor, 316. 

Scllly Islands, the, 387. 

Scirocco, account of the, 449- 
Scenery of the Heavens, 49—192. 
Scltamineae, botanical region of the, 562, 
463. 

Scoresby, Captain, 326. 3.30. 340, 341. 

343. 345. 348. 474. .542. 588. 

Scorpio, or constellation of the Scorpion, 
151. 

Scotland, lakes of, 311. 318 ; severe 
winters in, 477 ; predominance of gneiss 
formations in, 6.58 ; sandstone of, illus- 
trated, 682 ; granitic isles of, 648 ; ig- 
neous formations of, 6.56. 

Scott, Sir Walter, citation from his 
“ Talisman,*' 261, 262 ; from his “ Lady 
of the Lake,” 465 ; “ Marmion,” 614. 
617. 

Scripture, rightly interpreted, not in- 
compatible with science, 593, 594. 598. 
788-787. 

Scrope, Mr.. 643. 714. 

Scylla and Charybdis, 367—360. 

Soa, the, beneficial to mankind, 325; 
■altness of, 327 ; tides of, 352 ; struggles 
between it and the laud, 386 ; tempera- 
ture of the, 492. 503. 

Sea-beaches, 773. 

Sea-cow, the, 578, 579. 

Sea-urchin, shell of the, 572. 

Sea-weeds in the Atlantic, 348, 558. 
Seams of coal, 696, et $rq. 

Secondary formations, 640; systems, 641. 
Sedgeley rocks, 678. 

Sedgewick, Professor, geological obser- 
vations of, 619. 621. 630, 631. 633. 662. 
689. 708. 762. 

Sedimentary formations, the, 657. GCl. 
Seeds of plants, various means of dis- 
persing the, 565. 

Seine, the river, amount of its waters, 
263 ; descent of the, 281 . 

Seltzen, his account of the Dead Sea, 
316. 

Seliriga, the river, 318. 

Selvas, or central levels of South America, 
232, 233. 

Seminaria, singular land-slip at, 433. 
Seneca, the Roman philosopher, men- 
tions smoked glass as being used to 
observe eclipses, 16 ; prophetical pas- 
sage from his tragedy of Medea, 16. 
Senegal, heat on tne banks of the river, 
597. 

Serapls, antique pillars of the temple of, 
406.773. 

S6ron and Lesceur, Messrs., 377. 
Serpentine is similar to hornblende, 628. 
... M— rocks, illustrated, 651. 

Severn, the river, 283. 668 ; and Clyde, 
how differing from other British 
streams, 280. 

Shannon, source of the river, 278 ; its 
descent, 281. 283. 

8hakspeare*s account of Clarence’s 
dream, 373 ; of Dover cliff, 891. 

Sbap in Westmoreland, its porphyritlc 
gninlte, 644. 

Sheep, the, 688. 

Shells, masses of, found at the summits 
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of the Pyrenees and Andes, 380 ; fossil, 
638-640. 

Sheppey, Isle of, 742. 

Sheringham, coast changes at. 395. 

Shetland Isles, action of the sea on the. 
892. 

Shipping at sea, annual lost of, 373, 374. 

Shooting stars, 130, 181. 

Siberia, fossil mammoths of, 753. 

Sicily, geology of, 760, 

Sickler, his account of cultivated vege- 
tables, 568. 

Sienitic granite, 644. 

Sierra Leone, 3^1. 

Sigillariir, fossil, 704. 

Silesia, mountains of, 648. 

Stilus ItallcuB, 416. 

Sllliman, Professor, 424. 

Siloam, pool and spring of, 267, 268. 

Silures, region of the ancient, 667, 

668 . 

Silurla, geological boundaries of, 668. 

Silurian rocks, 620. 

system, 636, 637.641, 642; period, 

638 ; chapter on the, 667-.^0; general 
scheme of the, 669, et teq. 

Silurldan family, the, 578. 

Silurut electricus, the, .575. 

Silver ore, where located, 634 ; masses 
of, found, 634. 

— - mine, view of the Interior of a, 

634 ; of Potosl, 6.34. 

Simeto. the river, in Sicily, 290. 

Simoom wind, or Samiel, 447—449. 

Simple or uncompounded rucks, 624. 

Simplicity, one of the Creator’s laws, 
622. 

Sinai, Mount, 644. 

Singing. birds, local to the temperate 
cones, 582 ; catalogue of the principal, 
with their seasons and powers of song, 
582. 

Sinkings of the earth, at Malpais, in 
Sicily, at Marseillec, &c., 240. 

Sinope, view of, 365. 

Sirius, the star, 6 ; tlut brightest in the 
heavens, 146. 164 ; is immeasurably 
larger than the sun, 165. 

Sivatherium, the, 758. 

Skaptar volcano in Iceland, 376. 

Skeletons, fossil, perfect preservation 
of, 639. 

Skiddaw mountain, atmosphere of, 463 ; 
illustrated, 663. 

Skin, varieties of the human, 599—601 . 
60.5. 

Skull, shapes of the human, 601—605. 

Skye, isle of, trap rocks in. Illustrated, 
652 ; limestone of, 661. 

Slate, 669, et teq. ; view of broken ledges 
of, 763. 

Slate rocks of Devon, 629 ; of Wales, il- 
lustrated, 630. 

Slikensidcs, an explosive mineral, 258. 

Sloane, Sir Hans, 131. 

Sloth, peculiarities of the, 590. 

Slough, view of Herschel's great tele- 
scope at. 160. 

Smith, William, on volcanoee, 429 ; his 
geological researches, 619, 620. 

, Mr., 774. 

Smoke of Vesuvius, an indicator of daily 
air currents, 446. 

Snakes, varieties of, 579, 580; English, 
579 ; none in Ireland, 579 ; oriental 
and occidental, 579, 580 ; general spe- 
cies of, 592. 

Snow, red. 3.31 ; origin and beauty of 
snow, 474 ; its crystals, various forms 
of, 47.5 ; localities of, 475 ; unwonted 
fall of, at Cantem, 475, 476; Alpine, 

476, 477; individuals buried under, 

477, 478 ; in Scotland, 477, 478 ; view 
of a snow-storm. 478. 

Snow-line, is variable on mountains, 
486, 487. 

Snowdon, ascent of, by Pennant, 664, 
665; observations on its geology, by 
PhilUps, 665, 666. 

Snowdonia, geological region of, 663— 

666 . 

Sobleski’s Shield, constellation of, 181. 

Social plants, localities of the, 551. 

Society Royal. See Royal Society. 
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the land, removal by the sea of 

Solis influence climate, 496. 

Solar system Included eighteen bodies 
only before the elder Herschel’s time, 
but he increased the number to twenty- 
seven, 45 ; remarks on the, 102 ; stu- 
pendous area of the, 103 ; yet insignifi- 
cant compared with that of the universe. 
103; familiar illustration of the relation 
of the sun and its attendants, 105, 106 ; 
composition and density of the solar 
and planetary orbs, 106. 

Solfatara, lake of, 399. 

Solidagas, botanical region of the, 561. 

Solway Frith, 859; sands, view of, 359; 
floods of the river, 477. 

Solway Moss, accounts of, 768. 770. 

Somerville, Mrs., 333. 

Sorques, source of tite river, 279. 

South, Sir James, 47. 

South Cieorgia, island of, 504. 

Sea Islands, plants of the, 563. 

Southey, Hubert, citation from, 554, 556. 

Spain, central elevated plain of, 347, 348. 

Spar, calcareous, or greea earth, 655; 
white, 677. 

Spatangus cur-angulnum, shell of the fos- 
sil, 735. 

Species, definition of the word, 598 ; of 
plants, ascertained and presumed num- 
bers of the different, 548 ; of animals, 
fossillterouH, their analogous distribu- 
tion with tlie existent, 6.36 ; number of 
organic fussils, 635, et at. 

Spey river, rise of the, 292 ; floods in, 416 
—420. 

Spetxlwell mine. 245. 

Spezsia, gulf of, Jet of fresh water In, 
259. 

Sph»nopteris Hseninghausl, the fossil 
plant, 638. 

SpilzbiTgen, notices of, 342. 345. 361. 588. 
696. 

Smilrrel, reference to the habits of the, 
567 ; flying nmttiirrial, 591. 

Springs, chapter on, 237— 278 ; oceanic, 
259; of Arethusa, 269, 2<»0 ; of (’astuly, 
260; of the deserts, 261, 262; Eastern, 
262; origin of, 262— 2(i4; perennial, 264; 
intermittent, 265; Artesian, *265, 266; 
reciprocating, 260, 267 ; of Siloam and 
others, 267, 208; thermal, 2(iH-.271; 
ebullient, 271; of the Iceland Gey- 
sers, 271—273 ; origin of ebullient, 278, 
274; hot of Turboco, 274; inflammable, 
275, 276 ; mineralized, list of principal, 
and their qualities, 276, 277 ; dripping, 
at Knaresborougb, 277 ; uses of springs 
and the regard they have been held In, 
277, 278; oceanic, 328; hot, at Mont 
d’Or and Vichy, 429; petrifying quality 
of, 640. 

Stars, table of the most remarkable, with 
their position, &c., in the heavens, 
serving as an index to the constella- 
tions, 156—158 ; magnitude of the, 164 ; 
the flxed, are suns, 165 ; many have 
disappeared, 166 ; some are but recently 
visible, 166; otliers appear and disap- 
pear, 166 ; remarkable instances of this. 
167, 168 ; speculations regarding, and 
illustrative diagram, 160; examples and 
list of variable stars, 170, 171 ; specula- 
tions regarding tliese, 172 ; examples 
and list of multiple stars, 173, 174 ; 
their colours, 176. 

falling, or meteoric showers, some 

notices of, 1.37— 141 ; as seen during the 
middle ages, 137 ; in modern times in 
Greenland by the Moravian mission- 
aries. 138; by Humlmldt, Bonpland, 
and KIlieott, in America, 138 ; observed 
In other regioni near and remote, 139; 
remarkable one at the Falls of Niagara, 
&c., 140, 141; observations of M. Arago 
regarding, 142; Professor Olmsteacl’s 
theory on, 142; their conjoint theories 
substantially the Chladnian hypothesis 
regarding aerolites, 142; but the truth 
beyond the reach of the human under- 
sUiidlng, 142, 143 ; fixed, are of im- 
mense use in science by their apparent 
immobility, 143; yet which aUrtbute Is 
not real, 177. 

SUlactites, bow formed, 846, 847; how 
coloured, 848. 

3 F 
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SpanUrdi, the« first introduced grain to 
America, 

Stable, city of, 424. 

Staok-^loch>nan-fey, shining moun- 
tain of. 661. 

Stnffa, description and view of the basaltic 
cave of, 241. 626. 

Stoffordshire coal district, 701, 702. 

St ’tes, tertiary of the United, 739. 701, 
702. 

Statue of Peter the Great, 760. 

Staulorite, 639. 

Staubbich, waterfall of, 2Mi. 

Staunton, Sir George, .371. 

Stella Mira, account of, with a diagram, 

170 . 

Sternberg, Count. 707. 

Stephens, Mr., the American traveller, 
his account of the steppes of Russia, 
224, 220 ; of the Dead Sea, 310. 

Stephenson. Mr., 058. 772. 

Stewart, Duguld, his Insensibility to 
colour. 176. 

.Stigmaric, view of fossil, 700. 

Stlper stones, 674 t view of the, 673. 

Stirlingshire, vitality of plant seeds dis- 
interred in, 070. 

Stocke, Dr., on dews, 481. 

Stone, crumbling, of Bath and Oxford, 
620 ; for building, importance of a judi- 
cious choice of, 620. 

Stonesfleld slate, 725, 726. 

Storoton hill quarries, 714, 710. 

Storm, great, in England, of 1703, par- 
ticulars of. by Derham, 402, 403. 

Stow*s Annals, citation fi-om, 027. 

Strabo, 226. 868. 397. 423. 429 ; was a 
geologist, 610. 

Strata, list of, and their animal remains, 
635 \ of the new red sandstone system, 
in England, France, and Germany, 
706; its prevalence in England, 709; 

' scanty in Scotland, 710. 

Stratified rocks, 620; era of aqueous form- 
ation, 627 ; views of inclined, 627 ; com- 
poses nearly all the surface of Great 
Britain, 635 ; but only three-fourths of 
Massachusetts, 680. 

Stratus, or fallcloud, 464. 

Stromboli, volcano of, 210. 

Strontian, 608. 

Structure of rocks, 622, et $eq. See 
Rocks. 

Struggles between the sea and land, 886. 

Struve’s catalogue of the stars, 108. 

Submarine forests, 772. 

Substances, elementary, their paucity, 
622. 

Subterranean plants, 500. 

Sumatra, island of, 090. 

Sumbawa, awful volcanic eruption at, 

210 . 

Summer, hot, in England, 498; in France, 
499; excessive, chronological list of, 
518, 514. 

Sun, transmission of light and heat from 
the, to the earth, 30; action of the, 

r n the earth, 49. 04; is con tantly 
re the horixon fur six months at the 

K le, 01 ; seems larger at sotting, why, 

; apparent diameter of, ^3; mean 
distance of IVom the earth, 04 ; direct 
light, amount of, 04 ; calorific power 
of, 54. 08 ; real diameter of, 04 ; den- 
sity of, 04 ; spots on ttie disc of. 00— .07 ; 
rotation of, 00 ; setting of the, 63 ; den- 
sity of, 106 ; its diameter and compo- 
sition, 191. 

, savages prostrate themselves before 

the rising, 3 ; worship of the, plausible 
reasons for, 3; supposed to have a 
movement of translation in the uni- 
verse, 177; aids in causing tides, 303, 
354. 

Sunrise, description of a, 00. 

Suns, mock, or parhelia, 52. 

Superficial formations, 640; accumula- 
tions over strata, 641. 

Superior, Lake, 318. 321. 

Susianic streams, the, 306. 

Susquehanna river, description and view 
of the, 280,281. 

Sussex marble, 7S8 ; chalk, 731 . 
Sutherlandshire, limestone of, €61 . 
Swarthfell in Cumberland, 603. 

Sweden, aurora borealis in, 027 ; shores 
of. 778. 


Swine, varieties of, 601. 600, 606. 

Swiss Alps, geological characteristics of 
the, 645. 

— lakes, characteristics of the, 820. 

Switxerland, variety of climates in, 489. 

Sword-fish, the, 570. 

Syene In Upper Egypt, 9. 644. 

Symondi, Lieut., 316. 

Systems : Silurian, 636, 637 ; Cambrian, 
637 ; carboniferous, 636 ; on groups of 
strata, the several, 641 . 657 ; chapter 
on the geological, 607—666; gneiss 
system, 607—609 ; mica system. 609— 
661 ; clay slate system, 662, 663 ; Snow- 
donlan, 663—666. 

Table-land, 221.-223. 

Tacitus, 600. 

Tagua-caga, lake of, its floating islands, 

093. 

Tahiti, island of. 610. 

Talc, its qualities, 6S0. 

Talc, a component of granite, 644 ; inter- 
mixed with schist, 609.' 

Tameness of torrestriai birds, 081, 082. 

Tapir, the, 090, 091. 

Taurus, Mount, 203. 312 ; view of cascade 
in, 313. 

Tchad, Lake, 311, 812. 

Telescope, the, a knowledge of, assigned 
Sir W. Drummond to the Greeks, 
Cfhaldeans, and Hindils, 16; that of 
Galileo imperfect, 30; was In use be- 
fore his death for measuring angular 
distances, 32 ; and first applied to the 
quadrant by Gascojme, 32 ; is the chief 
glory of the 17th century !n mechanical 
constructions, though at first very rude, 
32; Heischel’s great, 44; greater, of 
Lord Rosse, 40. 183. 

Temperate regions, climate of, 005. 

Temperature of the ocean, 33.5 — 338 ; of 
the earth, causes and operation of the 
various, 480 — 015; mean, how ascer- 
tainod, 496, 497 ; uniformity in, 499 ; 
relative, of hemisphere, 002. 

Teneriffie, Peak oi, 206. 213; strata of 
the island of, 362 ; variety of climate in 
the Peii^ of, 491, 492. 

T^uendama, Falls of the Funza at, 286, 

Terebrutula, fossil, 674. 

Teredlnse, 742. 

Teredo navalls, the, 572 

Terni, description and view of the Falls 
of, 286. 

Tertiary period, the, 639. 666 ; forma- 
tion, 641 ; reigns around London, 
642 ; system, chapter on the, 737—750 ; 
order and classification of, 738, 71B; 
fossil shells of, 740 ; eocene perreU, 
741—747 ; miocene strata, 747—749 ; 
policene strata, 749, 700. 

TertulUan, his account of the Pontus 
Euxinus, OOK, 

Teverane, or Anio, waterfkil of the river, 
near Tivoli, 286; ravages, past and 
present, of its waters, 416. 

Texture of rucks, G24, 625. 

Thales the founder of astronomy among 
the Greeks, 6. 

Thames, the river, 283. 498; view of a 
fair oil the ice of, in 1716, 612. 

Theodosius marches his army across the 
Danube, 009. 

Theophrastus, number of plants known 
to, 048. 

Thermal springs, or hot-wells, 268—271 ; 
abound most in volcanic districts, 269 ; 
their probable sources, 269; those of 
Buxton, Ac., iK>9 ; in a Feigee island, 
269 ; at Aix, in Provence, 270 ; at Baden- 
Baden, Ac., 270; some change their 
temperature, 270, 271 ; at Mont d’Or 
and Vichy, 429. 

Thesmly, flood of, 887. 

Thistle-seed, how disseminated, 060. 

Thornly, Mr., 030 

Thucydides, 433. 

Thunder storm, phenomena of a, and its 
Influences on the animal creation, 516, 
517. 

Tiber, mouth of the river, 399; served as 
a drainer, 427. 

Tidal action on the British coosu, 372. 

Tides and oreanic highways, chapter on 
the, 349—369; dlsrinction of waves. 


tides, and currents, 349 ; tides, opera* 
tion of, 352 ; causes of, surmised before 
Newton, but first demonstrated by him, 
802 ; explanation of, with dlaOTams and 
chart, 353—357; various phenomena 
of, 357—359 ; currents, their operation, 
359, 360 ; Gulf stream, 360. 362 ; arctic 
current, 360 ; stream-currents, 861 ; 
equatorial, 362—364 ; efibets of ocean 
currents on navigation, 864, 865 ; under- 
currenU,360— 367 ; shore-currents, 367 
—369; general observations on tides 
and currents, 869. 

Tierra del Fuego, notices of, 556. 596, 
697. 

Tiger, the, 690. 

I'igris, subterranean course of the river, 
291 ; Its periodical risings, 294. 

Tilestone strata, 682. 689. 

Tilgate Forest, bones of fossil reptiles in 
640. 730. 

Timber trees, varieties and ages of 
549. 

Titan’s Piazza, view of, 626. 

Titicaca, lake of, 312. 

Tivoli, ravages of the Anlo at, 416. 

Toadstone, (1.55. 

Tooth of the mastodon, 704. 

Torpedo, the, 570. 

Torrid zone, vegetation of the, 008—807. 

Tortoises, .579. 

Totten, Colonel, 774. 

Toumefort attempts to ascend Ararat, 
203 ; his description of the grotto of 
Antlparos, 247 ; of the vegeution of 
Ararat, 557. 

Touraine, geology of, 747. 

Tourmaline, 649. 

Towy, vale of the, 668 ; view of, 671 . 

Trachytfe rock. 650, 606 ; lava, 656. 

Trade winds, 438 — 442. 

Transit instrument, invention of the, 
82; flocroer’s observations with it, 35. 

Trappean rocks, 651—600. 

Trees, their Importance to man, 046 ; 
size and age of, 049, 550 ; beauty and 
luxuriance of the tropical, 554—657; 
fossil, 704. 

Trent, the river, 283; red marly banks 
of, 711. 

Trevll coal mine, vein of fossil trees in, 
704 

Tribbiock. valleys of, 603. 

Trilobites, 671 ; illustrations of, 672. 
674. 

Trinidad, bituminous springs around 
and in the island of, 275. 

Tripergoli, ancient site of, 403. 

Tristan d’ Acunha, Island of, 581 . 

Trolhetta, description and view of the 
great falls of, 285. 

Tropics, hurricanes in the, 451 ; alterna- 
tions of rain and drought in the, 470 ; 
beautiful plumage of the birds of the, 
882 ; qualities of animals in the, 584 ; 
colours of animals in the, 601 ; climate 
of the, always deadly to Europeans, 


Trosachs, the, 609. 

Tufa, or travertin. 778. 

Tulloch, Major, his statistics, 608. 

Tunnel, Thames, 741. 

Turner’s Falls, Massachusetts, slab found 
at, 710. 

Tuzla, Lake of, 312. 

Twilight, duration of, 00, 01 . 

Tyrolese Alps, characteristics and view 
of the, 490,491. 

Tycho Brahe, his birth and education, 
22 ; rejects the Ptolemeon and Goper- 
nican systems, and forms one of his 
own, 22 ; explanation of his views, 28. 
24 ; a better practical than theoretical 
astronomer, 24 ; his observations and 
labours detailed, 24. 20 ; his castle ot 
Uraniberg, In the island of Hoene, 20, 
26 ; becomes an exile, and settles at 
Prague, where he dies, 26. 27 ; laid the 
basis of the discovery of the universe’s 
laws, 33. 


Ulloa, Don Antonio, 527. 538. 

Ullogh Bei^, a Tartar prince and astro- 
nomer, 74 ; his catalogue of the start, 
166. 

Umbelliferous plants, botanical region of 
the, 560. 



INDEX. 


803 


Undercliff, Iile of Wight, view and cha« 
racteiiitici of, 391, 392. 

Uuder-currenta, 366-...367. 

Undulation, yalleys of, iliustrated, 630. 
Undulatory movement of the Swiss and 
Italian lakes, 330. 

United States, rain-falls in the, 469, 470. 
474 : cUmate of the, 494. 496, 497; 
boulders of the, 761, et of. ; soft springs 
of, 777, 778. 

Unities, various, of the solar system, 104. 
Unity of the human race, 605. 607. 609. 
Universe, the physical, has no limits 
known to man, 48. 

Unstratifled rocks, 408 ; are of igneous 
origin, 62.5 ; compose the bulk of the 
earth’s crust, 635. 

Upheavings of the ancient world, 629, ft 
al. : of unstratifled through stratlflcd 
rocks, illustrated, 6.51. 

Ural river, 317 ; mountains, gold found 
in the, 634. 

Uralian mountains, 649. 

Urameah, great lake of, 313, 314. 

Uranus, or Herschel, the planet, its dis* 
tance from the sun, 101 ; when first 
observed, 101 ; length of its day and 
year, 101 ; has six satellites, their ano> 
malous movements, 101 ; amount of 
light and heat received by, 102 ; nei- 
ther the Earth nor Mars Is visible to 
the Uranlans, 102 ; area and solid con- 
tents of, 102; inclination of, to the 
earth, 104 ; density of, 106. 

Vadinean lake, now Lago di Bassaniello, 
818. 

Valais, canton of the, adventure of one 
of its shepherds, 411 ; cretins of the 
Lower, 459 ; climate of, 489, 490. 
Valleys and great levels of the earth, 
215 — 238 ; valleys, divers, 219, 220 ; how 
formed, 629 ; of elevation and undula- 
I tion illustrated, 630. 

j Valparaiso, elevation of the coast at, 

I 406 ; the wild potato indigenous in, 

j Van, Lake, 314. 

Variable stars. See Stars. 

I Varieties of the human s|iecies accounted 
! for, 698, et leq. 

I Vegetable matter, fossiliferous, 6.57 ; 

I Illustration of, 638; tribes, 546 — 571 ; 

cultivated, and ftuits, account of the 
j introduction of various, 567 —569 ; car- 
bonate of lime enters into the compo- 

sition of, 624. 

Vegetation, luxuriant, of the tropics, .55.5, 
5.54 ; of Muinoctial America, 555—557. 
586 ; not indispensable for the subsist- 
ence of large animals, 585, 586. 

Veins in strata, 632 ; illustrations of gra- 
nitic. 633 ; metallic. 633, 634. 649. 
Velocity, mean, of the planets in their 
orbits. 64. 

Venetz, M.. 765. 

Venus, the planet, 64 ; her distance from 
the sun, 64. 67 ; is a morning and even- 
ing star, 66 ; was once cullod Hesperus 
and Vesper, also Phosphorus and Lu- 
cifer, 66; her periodical revolution, 67 : 
her size, 67 ; Is sometimes crescent and 
decrescent to the view, 67 ; diagram of 
her phases, 67 ; transits the sun’s disc, 
68 ; her future transits indicated, 68, 
69 ; her supposed physical constitution, 
69 ; superficial appearances, 69 ; inclina- 
tion of, to the earth, 104 ; density of, 
106. 

Verte, the Aiguille, 648. 

Vesta, the asteroid or planet, 91. 
Vesuvius, Mount, 212, 213.410. 423—430. 
444, 445; view of, from Elmo, 445; 
snow on, 476 ; plants in the crater of, 
547 : eruption of, in 1790, 654 ; erup- 
tions of, 779, 780. 

ViaLactea. Milky Way. 

Vienna built on tertiary strata. 739. 
Vince, Professor, 169 ; atmospheric phe- 
nomena seen by, 537, 538. 


Vincent, St., volcanic eruption in that 
island, 441 ; Scotch skipper’s adven- 
turous voyage to, 441,442 ; huge ser- 
pent drifted to. and negroes in, 608. 

Vines, region of, 491. 600. 505; original 
countries of, 568. 

Virgil mentions shooting-stars, 130 ; and 
Orion, 164 ; cited, 464. 467, 468. 508. 
509. 690. 

Vitality, tenacious, of plant seeds, 669, 
670. , 

Vogel-bergs, or bird-rocks, 580. 

Volant, view of basaltic rocks on the 
river, 626. 

Volcanic rocks, 655, 656. 

Volcano, origin of the term, 209.43.5; 
peculiarities of a, 209 ; list of volcanos, 
by Professor Jamieson, 210; account 
of a huge volcano in Hawaii, 210 ; and 
of another in Sumlinwa, 210, 211 : vol- 
canoes in South America, 211 ; Coto- 
paxi, description and view of, 21 1 ; 
volcanoes, various chains of, 212 ; 
Italian and other volcanoes, 212 ; re- 
flections, 213, 214 ; volcanoes of Jo- 
rullo, 239, 240. 246; of Etna, 240, 
426 ; changes caused by, 423 — 435; 
by Vesuvius, 423—425 ; Skaptar 
Vokul, 425, 426 ; Roman, 427 ; in Au- 
vergne, 427—429; at Cateeucaumcnc, 
429, 430 ; phenomena of, 654 ; erupted 
matter of volcanoes, 778—782. 

Volga, the seventy mouths of the river, 
302 ; its source, 312. 

Volney, M., his account of the Simoom 
in Egypt, 447, 448. 

Vosges mountains, situation and geology 
of the, 708.709. 

Volta, M., 30; his theory of hail, 478. 

Vulcanists. the followers of Hutton, CIS. 


Wackc, a species of basalt, 653. 

Wales, slate rocks of, illustrated, 630; 
geology of, 662, et at. 

Wallis, Captain, 385. 

, Dr., surmised the true causes of 
tides, 352. 

Ward, Dr., 713. 

Warm regions, climate of, SOi. 

Washington, crumbling stone of the 
capitoi at. 620. 

Water, Its different states, 259 ; amount 
of, discharged by the principal rivers 
in the world, 303 ; colour of lake. 322. 
331 ; of oceanic, 330—332; movement 
of sea, 349; action of frozen, 408; 
amount of rain annually falling in 
Britain, 462 ; is formed of oxygen and 
hydrogen, 622. 

Waterloo Bridge, its two granites, 644. 

VMters, collective, of the glot>e, divided 
into the northern, western, and south- 
eastern basins, 197. 

Waterspouts, account of, with an illus- 
tration, 457, 4.58. 

Watson, Rev. J., 451. 

Watt, Mr. Gregory, 627. 

Waves, how formed, 349 ; their charac- 
teristics, 349, 350 ; height of, 369. 

Wealden clays, perfect fossil shells found 
in, 639; oolitic group, 718. 724. 728,729 

Weaver, salt rocks near the river, 712. 

Weeding well, Derbyshire, 268. 

Weight of various quadrupeds, 584. 

Wells, Dr., his theory of dews, 480, 481. 

Welsh lakes, characteristics of the, 324, 
,326. 

Wenlock group of Silurians, 675 ; corals, 


D/e. 

Werner of Freiberg, the illustrious 
founder of modern geology, 617,618; 
his Neptunian theory, 618; arrange- 
ment of, and Lehman’s, 648. 

West 4ndias, hurricanes in the, 453—455. 

Westmannsham in the Faroe islands, ex- 
traordinary bird colony at, 580, 681. 

Westminster Hall, stone of, 71 !• 

Westphal and HofiVnan, their account of 
the site of Rome, 4’J7. 

Wetter. Lake, 320. 


Weymouth, burning hill at, 719. 
whale fishery, losses and perils of the, 
340. 344, 346. 

Whale tribes, the, 678. 

found In 

sepulchres, 670. 

Whlcbwood forest, 724. 

Whinstones, G52. 

Whitby abbey, view of, 386 ; its founda- 
tton and position, 394 ; ammonites 
found near, 617. 720 ; burning cliff at. 

; lla* of, 720 ; strata near, 7‘27. 
White mountain in the Alleghanles.view 
of the, 419. 

Wight, geology of the Islo of, 738. 742. 
774, et al. 

Wildness of birds Instinctive, 582. 
Wilkes, Charles, an American explorer, 
his researches, 196. 269. 880, 881. 
Wilkinson, Sir Gardner, 308. 
Will-o'-tho-wlsp. See Ignis Fatuus. 
Willeys, family of the, killed by a land- 
slip, 420, 421. 

Williams, Dr., 496. 

, Rev. John, 456. 

Willoughby and Ray, their theory of the 
ignis fatuus, 543. 

Wilson, Sir Robert, 479. 

Winondermere, and other English lakes, 
310. 


Winch, Mr. N.Y., his coal statistics, 697. 

Wind, table of the velocity of the, 437. 

Winds, influence tides, 293. 357 ; arc of 
three kinds, permanent, periodical, and 
variable (see Atmosphere) ; of Great 
Britain, tables of prevailing. 459, 4(j0 ; 
Influence evaporation, 462 ; the, aflVet 
temperature, 496; also distribution of 
animals, 6!)2. 

WinitVed, well of St., account and view 
of, 264, 265. 

Winters, severe, in England, 4!18 ; chro- 
nological list of, in various regions, 
509— ,M3. 

Witham, Mr., 706. 

Wolf, the, 592. 

Wollaston, Dr., 164, 165. 543. 

Women, complexions of, 599. 601. 

World, one of the smallest provinces in 
the great empire of nature, 2 ; chart of 
the, 195. 

Wrath, Cape, 668, 659. 681. 

Wrekin, hill of the, 680. 

Wye, contorted strata of the river, 027 ; 
gorge of the, 630. 


Xanthous, or fair-haired races of men, 
599. 


Yellow Sea, the, 371 . 

Yokuls of Iceland, 207. 

York minster, stone of, 711. 

Yorkshire, chalk of, 734, 785 j peat of, 
769 ; sea-beach of, 773. 

Young, Dr., 727. 

Zamang del Guayre, the famous tree. 
550. 

Zante, bituminising springs In the island 
of, 276. 

Zig-zag lamination in strata, 625. 

Zimmerman, 588. 

Zodiac, the, an Imaginary zone or girdle 
in the heavens, origin of the signs of 
the, 5. 143 ; list of constellations in the, 
148, 149 ; Aries, M9, 1.50 ; Taurus, 
Gemini, Cancer, 150 ; Leo, Virgo, 
Libra, Scon)io, Sagittarius, Capri- 
cornus, 161, 152; Aquarius and Pisoes, 
152. 

Zones of the globe, amount and relative 
proportion of land in the several, 196; 
tab^s of plants found in the various, 
551 ; torrid zone, vegetation in the, 
5 , 53 ; insect life in, 573; human food In 
the various, 597. , , .. 

Zoophytes, or plant animals, 572 ; fossil, 
637. 

Ziig, Lake of, 408, 409. 

Zuider Zee, the, 390. 


THE END. 
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